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I.— INTRODUCTORY SUMMARY. 

Early in 1898 a First Report was printed by the Council on tlie bacteriological 
examination, by Dr. Houston, of London crude sewage as it arrived at the Outfalls at 
Barking and Crossness. This was followed by a Second Eeport, giving the results 
obtained by the chemical and bacteriological examination of the crude sewage and of 
the effluent from the coke-beds at Crossness. A Supplementary Report on the deposit 
found upon the coke of the coke-beds was issued in October, 1899. 

The present Report gives a similar statement of the results obtained in the 
experimental bacterial treatment which has been carried out at the Northern Outfall 
(Barking) and of the experimental treatment carried out at the Southern Outfall 
(Crossness) since the issue of the last Report. 

The superintendence of the chemical work has rested in the hands of Mr. E. Brooke 
Pike, the chemist at the Northern Outfall, and of Mr. J. W. H. Biggs, the chemist at the 
Southern Outfall, and the successful carrying out of the processes has been due to the 
careful work of these gentlemen and to the co-operation of Messrs. H. Stokoe and E. J. 
Beal, superintendents at the Outfalls. 

The bacteriological work has been in the hands of Dr. Houston, who makes a 
separate statement of his results in Division II. of this Report. 

The process employed at both Outfalls has been that of " intermittent contact " 
with frequent aeration of the coke surfaces. 

The acre coke-bed at the Northern Outfall has received an effluent resulting 
from sewage which has been mixed with solutions of lime and iron sulphate and has 
then been subjected to sedimentation. The smaller coke-beds have received sewage 
which has not been mixed with chemicals, and which has, as a rule, not been freed from 
Its suspended solid matter by sedimentation. 

Since the cellulose substances in the suspended solid matter of the sewage are 
only dealt with slowly by the bacteria in the coke-bed, they tend to accumulate on the 
coke and to diminish the sewage capacity of the bed ; they also tend to diminish the 
extent of purification from the dissolved organic matters of the sewage. Hence the 
acre bed, which receives the effluent from chemically treated and sedimented sewage, 
has yielded better results than the smaller experimental beds. 

A very rough process of sedimentation of the sewage, without the use of 
chemicals, was effected at the Southern Outfall by allowing the crude sewage to flow 
through a large tank on its way to the coke-bed. This sedimentation considerably 
retarded the choking of the coke-beds. 

Last Christmas an experiment was made (see page 16) on the whole of the South 
London sewage by allowing it to flow at a comparatively rapid pace through one of the 
large settling channels at the Outfall Works. In this way the larger portion of the solid 
suspended matter of the sewage was deposited; a portion of the effluent from this 
sedimentation process was treated in a small bacterial coke-tank and was found to 
undergo the usual amount of purification, and to furnish an almost clear and entirely 
inoffensive and nonputrescible effluent. No reduction in the capacity of the coke-bed 
occurred during the period of experiment. 

From this experiment it may be inferred that simple rapid sedimentation of the 
crude sewage on the large scale, followed by intermittent bacterial coke treatment will 
furnish an effluent suitable for the lower river, together with a sludge deposit which 
could be dealt with in the usual way. 

It seems reasonable that the experimental treatment of the sewage by rough 
screening, followed by rapid sedimentation without the previous introduction of 
chemicals', might now be attempted on a larger scale, and that by this means an effluent 
of much greater purity than that at present discharged might be sent into the river. 



It will be seen that the general result of experience with the various coke-beds 
has been that they increase in efficiency as the duration of their service increases, and 
that some considerable period of service is necessary before they exert their maximum 
amount of purification of the sewage. . a v. 4-1 

Dr. Houston summarises on pp. 41 to 53 the previous Reports issued by the 
Council, and gives on pp. 54 to 78 details of the bacteriological work which he has earned 
out since the issue of those Reports. 

As regards the general bacteriological aspect of the treatment of J-iOiidon 
sewage. Dr. Houston gives a statement of the conclusions at which he has arrived after 
two years study of the problem on behalf of the Council (pp. 70 to 71). It will be seen 
that Dr. Houston concurs in the advisability of adopting the bacterial method of 
treatment of London sewage in place of the chemical treatment, and maintains that 
under the conditions existing in the lower river and at the Outfalls, this system of 
treatment would furnish a more satisfactory result. But he states that although the 
effluent from the bacterial beds would not lead to nuisance in the river, it would be by 
no means a satisfactory liquid to introduce into a part of the river which was used for 
drinking purposes. 



i I 



II.— EXPERIMENTAL BACTERIAL TREATMENT OF CRUDE SEWAGE AT 
THE NORTHERN OUTFALL WORKS (BARKING). 



1.— PEIMART AND SECONDARY TREATMENT IN BEDS OE KENTISH EAGSTONE 

AND COKE, 5 FEET IN DEPTH. 

For the purpose of these experiments four galvanised iron tanks, 4 feet square by 6 feet 
in deptli were erected on some waste land at the liming station and were filled with material to a 
depth of 5 feet, and were so arranged that the effluent from the two primary tanks should drain com- 
pletely into the two corresponding secondary tanks. The crude sewage supplied to the beds was 
obtained from a large pipe conveying sewage to the overhead lime tank, and was raised by means of a 
portable auxiliary pump. This pump was stopped for a few days periodically for cleaning, and on 
these occasions the bacteria beds could not be filled. 

On the 21st of July, 1898, it was suggested that in series I. the first tank should contain 
a coarse bed of large coke and should discharge its effluent into a fine bed of small coke. Series 
II. should consist of a coarse bed of large pieces of Kentish ragstone, and should discharge its 
effluent into a fine bed of the same material. It seemed desirable to experiment with the Kentish 
ragstone, on account of its great durability and its acid-neutralising power. 

It seemed probable that the calcium carbonate in the ragstone would furnish a base for 
the neutralisation of the nitric acid formed by the bacterial action. 

The material employed in the two coarse primary beds of coke and ragstone was of such a 
size that the pieces would pass a 4-inch mesh and be rejected by a |^-inch mesh. The material in 
the two fine beds was of such a size that it would pass a |-inch mesh and be rejected by a /gth-inch 
mesh. 

The procedure was as follows — 

The two coarse beds were filled with crude sewage simultaneously and as quickly as 
possible to a level with the top of the solid material ; the beds were allowed to remain full for 
two hours, and were then drained into the fine beds. These remained full for two hours, and 
were then drained off. During the outflow of the effluent from each bed it was sampled 
every few minutes. These samples were mixed, and the average liquid thus obtaii}.ed was sub- 
jected to analysis. The crude sewage with which the primary beds were filled was sampled and 
examined in a similar manner. 

The beds were first filled with crude sewage on the 22nd of September, 1898, and their 
capacity was ascertained a week later by the careful measurement of the effluent while they were 
being emptied. On the 29th September the capacity of the coarse beds was as follows— ^ 



Description of bed. 


Capacity of each 
bed in gallons. 


Percentage of wliole 
volume of bed. 


Corresponding capacity per 
acre of bed. 


Eagstone 

Coke 


200 
250 


40-0 
50-0 


544,500 
680,625 



The beds received one filling daily until January 11th, 1899, and then two fillings daily 
until the experiments were stopped. Before starting the two daily fillings the capacity of the 
beds was ascertained to be as follows — ■ 



Description of bed. 



Eagstone 
Coke ... 



Capacity of each 
bed in gallons. 



183 
195 



Percentage of whole 
volume of bed. 



Corresponding capacity per 
acre of bed. 



36'6 
39-0 



498,217 
580,887 



Two daily fillings would represent a million gallons per acre per day. 

On January 20th, 1899, an attempt was made to estimate the free oxygen in solution 
in the effluents from the four beds, and the following results were obtained — 
Eagstone, coarse bed ... ... ... ... nil. 

Coke „ ... ■•• ••• ••■ nil. 

Eagstone, fine bed ... ... ... ... 18-0 per cent. 

Coke „ 19-1 „ 

Complete saturation with oxygen was taken as 100. 

The effluent obtained from the primary beds did not show as high a purification as had 
been expected; it is probable that the large size of the material had the effect of presenting 
an insufficient surface of contact with the sewage ; the putrescible matter in the sewage was not 
therefore thoroughly dealt with by the bacteria. 

On March 9th, 1899, the capacity of the beds was ascertained to be as follows — 



Description of bed. 



Eagstone 
Coke ... 



Capacity of each 
bed in gallons. 



174 
168 



Percentage of whole 
volume of bed. 



34'8 
33-6 



Corresponding capacity per 
acre of bed. 



473,715 
457,380 



Table A (page 9) shows the varying capacities of these beds, and proves that the coke- 
beds became choked more quickly than the ragstone-beds. i i - ii, i- ^ q-R 

During the first four months after starting the primary coke-bed it choked at the rate oi o o 
gallons per week, or 073 per cent, of the total capacity of the tank, and during _ the next two 
months the rate of choking was 3-4 gallons per week, or 0-68 per cent, of the total capacity ot tne tanJt . 
The ragstone-bed during the six months choked regularly at the rate of M gallons per weeJi, 
or 0'22 per cent, of the total capacity of the tank. . „ 

Early in April, 1899, it was considered that the beds had reached their maximum power lor 
purifying the sewage. They were then being filled twice a day, and were dealing witxitne 
sewage at the following rates— Ragstone, 947,430 gallons per acre per day; coke, 914,7bU gallons 
per acre per day, and the average percentage purification efiected during that month was 



Description of bed. 


Percentage purification, 
as measured by oxygen ab- 
sorbed from permanganate. 


Percentage purification, 

as measured by albuminoid 

ammonia. 


Ragstone, primary, coarse bed ... 

Coke „ „ 

Ragstone, secondary, fine bed ... 

Coke „ „ 


17-5 
16-5 
48-8 
60-9 


32-6 
21-3 

64-4 
62-4 



The amount of nitrification produced had fallen very low in the case of all the beds. 

Abnormal amounts of nitrate were found in the first effluent from the ragstone fine bed 
after the bed had rested at Easter, from 29th March until 5th April, and it appeared probable 
that nitrates had been formed in the bed during the rest and had then been washed out by the 
first filling with sewage. A similar result was not found in any of the other beds. 

The series of experiments with these beds terminated on the 15th April, 1899, after a 
period of 29 weeks' working. The average percentage purification efiected during the last week was as 
follows — 



Description of bed. 


Percentage purification, 
as measured by oxygen ab- 
sorbed from permanganate. 


Percentage purification, 
as measured by- 
albuminoid ammonia. 


Ragstone, coarso bed 

Coke „ 

Ragstone, fine bed 

Coke „ 


21-3 

18-8 
50-7 
58-5 


43-2 
29-7 
66-5 
68-6 



The average percentage purification during the continuance of the experiments as 
measured by the oxygen absorbed from permanganate in four hours was as follows — 



Ragstone coarse bed 
Coke ,, 

Ragstone fine bed 
Coke ,, 



20-6 
22-5 
49-1 
63-2 



The two coarse beds were thus shown to be doing very unsatisfactory work. It was hoped 
that an improved effect would be produced if a reduction were made in the size of the material 
in the bed. That this expectation was justified will be seen by the fact that the results obtained 
in the next series of experiments, when the primary beds were composed of coke fragments one- 
half to two inches in diameter, showed an average purification of 43'8 per cent. 

With regard to the secondary treatment of the primary effluent with fine material, the 
results furnished by the ragstone did not at all come up to expectations, and were far' less 
satisfactory than those obtained with the coke. The amount of nitrification produced by this 
bed was, however, much greater than that produced in the corresponding coke-bed. It has 
recently been shown that the presence of nitrates in an effluent may prevent the putiifaction of a 
certain amount of organic substances from occurring in another effluent with which the nitrate- 
effluent has been mixed ; hence the nitrifying ppwer of the ragstone beds is not without importance 

The beds were filled once a day from 22nd September, 1898, to 9th January, 1899, both inclusive! 
The filling was, however, not carried out on Sundays or on Christmas holidays, and occasionally one 
or two days were missed when the boiler was undergoing cleaning. In all, filling was carried 
on on 83 days out of the 110. During this period the ragstone-beds dealt with a total of 16,800 
gallons, which was equivalent to 415,800 gallons per acre per day, including all restino- periods; 
while the coke-beds dealt with one-fourth more than this quantity. From 11th January 1899* 
to 15th April, 1899, when the experiment terminated, the beds were filled twice daily on 73 days 
out of the total of 95. During this period the ragstone-beds dealt with a total of 20,976 gallons 
which is equivalent to 601,128 gallons per acre per day, while the coke-beds dealt with a total of 
21,864 gallons, equivalent to 626,576 gallons per acre per day, all restine periods included The 
total volume of sewage dealt with over the whole period of the experiment" was therefore 



Ragstone beds 
Coke beds ... 



37,776 gallons. 

42,864 „ 



Expressed in terms of an acre these quantities would represent, on the days the beds were 
actually at work during the first period of the experiment with one filling per day, the following 
volumes — 

Eagstone 551,060 gallons per acre per day. 

Coke 688,825 

and during the second period of the experiment, with two fillings per day — 

Eagstone 782,290 gallons per acre per day. 

Coke 815,407 „ 

The detailed results obtained by the chemical examination of the sewage and of the effluents 
are tabulated on pp. 17 to 19. The average purification, as measured by the oxygen absorbed from 
permanganate in four hours, during the whole continuance of the experiment was as follows — 



Description of bed. 


Oxygen absorbed from 
permanganate. 


Percentage purification. 


Eagstone, coarse bed 

Coke „ 

Eagstone, fine bed 

Coke „ 


3-015 
2-944 
1-933 
1-396 


20-6 
22-5 
49-1 
63-2 


Crude sewage, for comparison ... 


3-797 





The average purification effected by one daily filling was — 



Description of bed. 


Oxygen absorbed. 


Percentage purification. 


Eagstone, coarse bed 

Coke 

Eagstone, fine bed 

Coke „ 


3-003 
2-923 
2-002 
1-323 


20-2 
22-3 

46-8 
64-9 


Crude sewage, for comparison ... 


3-764 





The average purification effected durin 


g two fillings per day was 




Description of bed. 


Oxygen absorbed. 


Percentage purification. 


Eagstone, coarse bed 

Coke „ 

Eagstone, fine bed 

Coke „ 


3-028 
2-969 
1-855 
1-478 


21-0 
22-6 
51-6 
61-5 


Crude sewage, for comparison ... 


3-834 





It will thus be seen that coke gives better results than ragstone in the removal of 
organic matters in solution ; the results are slightly better on the primary treatment, and con- 
siderably better on the secondary treatment. It will also be observed that, with the exception 
of the fine coke-bed, which showed a slight decline, two fillings a day gave a rather better 
result than was obtained with one filling per day, showing that although the purifyiug 
power of the beds, owing probably to the large size of the material, was in_ itself low and 
unsatisfactory, still the beds were not being overworked. It points to the conclusion that from 20 
to 23 per cent, purification was all that could be obtained by a one-contact treatment of the 
unsedimented crude sewage dealt with in a bed composed of material of so large a size that it would 
pass a 4-inch mesh and be rejected by a |-inch mesh. 

Effect of the Effluents on Fish life — The effluents from the primary beds killed gold and 
silver fish in a few hours, but those from the secondary beds sustained fish life as readily as fresh 
tap-water does. 

It should be stated that the raw sewage which was supplied to the beds was of the heaviest 
kind. It was drawn from a level about a foot from the bottom of the sewer, and passed through 
a |-inch screen to the beds without any previous sedimentation. 



Table A. — Variation in Percentage Gapaciti/ of the Primary Beds. 

Eagstone 40 
Coke 50 
Eagstone 36-6 
Coke 39 
Eagstone 34-8 
Coke 33-6 



[Already called " original capacity." 
" I After an interval of 15 weeks. 
■■ [After a further interval of 8 weeks. 



[2] 
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The "original capacity" here shown was taken about 7 days after the experiments had 
been started ; it is probably below the tot^l capacity, since it was taken while the beds were being 
emptied, and the drainings of the beds were therefore not included. No doubt a more trustwortny 
method of estimating capacity consists in filling the bed after it has drained for a definite time, 
which should be the same in all processes of taking capacities. It might be well that a standard 
"drainage period" should be recognised generally, since the wetness of the bed-material must 
affect the so-called capacity considerably. Thus a bed which had been draining for one hour only 
would require less liquid to fill it than one which had been draining for ten hours, in tHe case 
of the one-acre bed at Barking it is known that the effluent will continue to dram away for 
several days. 

2.— PEIMAEY AND SECONDAET TEEATMENT IN BEDS OF COKE 10 FEET IN 

DEPTH. 

For the purpose of these experiments iron super-structures 4 feet in height were bolted to 
the existing tanks, and the joints were caulked and made watertight. Thus the depth of the 
tanks was increased to 10 feet. The tanks were then filled to a depth of 9 feet 9 inches with coke, 
and were worked in two series as follows — 
Series A. — 

(1.) A primary coarse bed. (A.) 
(2.) A secondary coarse bed. (A 1.) 
Series B. — 

(1.) A primary coarse bed. (B.) 

(2.) A secondary fine bed. (B 1.) . . 

The three coarse beds were composed of coke of such a size that it would pass a 2-inch 
mesh and be rejected by a ^-inch mesh. 

The fine bed was composed of coke of a size which would pass a |-inch and be rejected 
by a j-V -inch mesh. In this instance the coke which had been in use in the previous experiments, 
and was thus in good bacterial condition, was mixed with two-fifths of its bulk of new material 
in forming the deeper bed. The arrangement of the tanks allowed the effluent from the primary 
beds to drain completely into their respective secondary beds. 

The sewage supplied to the beds was obtained from the same source as during the previous 
experiments, and was thus of the strongest nature, and contained sand and other suspended 
mineral and vegetable matters which should not be allowed to reach the bed, and which a 
short period of sedimentation would, in a very great measure, remove. It speaks well for the 
beds that they have been able to cope so satisfactorily with the heavy work which was thrown 
upon them. 

In series B the depth of the primary coarse bed was reduced to 9 feet 6 inches, in order that 
its liquid contents should not overflow when it passed into the secondary fine bed, whose capacity 
was somewhat smaller, owing to its being made of finer material. 

The procedure was precisely similar to that adopted in the previous experiment. The two 
primary beds were filled simultaneously, were allowed to rest full for two hours ; they were then 
drained into the secondary beds, and the effluent was allowed to remain for a further period of two 
hours in contact with the coke. The crude sewage and each of the effluents were separately 
sampled and subjected to examination. 

Percentage Capacities of the Beds — The beds were charged by means of a fixed syphon 
made of one-inch pipe from an overhead water-tank, which was kept constantly full. The 
volume delivered by this syphon per minute was ascertained, and the capacity was then 
determined by the length of time required for filling each bed. 

The following figures indicate the capacity of the various beds expressed as percentages of 
the total tank volume. 



1899. 


Primary coarse 
bed A. 


Secondary coarse 
bed A 1. 


Primary coarse 
bedB. 


Secondary fine 
bed B 1. 


29th May— dry coke ... 

20th September 

27th October 

6th December 

4th January, 1900 ... 

7th February... 


G8-7 
41-9 
32-3 
31-3 
26-8 
21-8 


61-7 
56-8 
54-9 
53-1 
50-6 
50-6 


70-3 
33-3 
32-7 
27-6 

24-7 
21-2 


53-1 
48-1 
46-9 
48-1 
47-0 
44-4 



The progressive decrease in the capacity of the beds shows that they were choking. This 
cannot be wondered at, considering that the very worst of the sewage was being dealt with, and 
that sand and other solid matter was being admitted to the beds. Latterly, trouble had been 
experienced in filling the primary beds, owing to the accumulated mass of undissolved matters 
on the upper part of the beds. The beds, however, were doing very satisfactory purifying work, 
and were removing from 40 to 50 per cent, of the dissolved putrescible matters. 

It was noticed that after seven months' work the coarse "bed B had sunk to the extent of 
6 inches. On 20th February, 1900, 9 inches of new coke, similar to that originally used was 
placed on the top of this bed, and the depth of the bed was thus brought up to 9 feet 9 inches 'as in 
the case of the other three tanks, the capacity of the bed having fallen sufficiently to prevent its 
contents from overflowing the secondary fine bed. - j i. 
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The decrease in the capacity of the beds was as follows— 





Total loss 
in capacity 
in gallons. 


Decrease in capacity per week 


Periods of working each bed. 


Stated in 
gallons. 


Stated in percent- 
age of original 
capacity. 


Coarse led A (primary) — 

September 20 to October 27, 1899 (5 weeks) 
October 27 to December 6, 1899 (6 weeks) 
December 6 to January 4, 1900 (4 weeks) ... 
January 4 to February 7, 1900 (5 weeks) ... 


84 
20 
44 
48 

5 
49 
38 
33 

18 
19 
24 
nil 

12 

< (Increase in 
( capacity) 

11 

26 


16-8 
3-3 

11-0 
9-6 


1-92 
0-17 
112 
1-00 


A^ferage loss per week* 


9-8 


1-00 


Goar.ie hed B (primary) — 

September 20 to October 27, 1899 

October 27 to December 6, 1899 ... ... 

December 6 to January 4, 1900 

January 4 to February 7, 1900 ... '... 


1-0 
8-2 
9-5 
6-6 


0-12 
0-85 
072 
0-70 


Average loss per week* 


6-3 


0-60 


Coarse hed A 1 (secondary) — 

September 20 to October 27, 1899 ... 
October 27 to December 6, 1899 
December 6 to January 4, 1900 
January 4 to February 7, 1900 


3-6 
3-2 
6-0 
nil 


0-38 
0-30 
0-62 
nil 


Average loss per week* 


3-2 


0-31 


Fine hed B 1 (fecondary) — 

September 20 to October 27, 1899 ... 

October 27 to December 6, 1899 

December 6 to January 4, 1900 
January 4 to February 7, 1900 


2-4 

) 2-0 
3 (Increase) 

2-7 
5-2 


0-24 

0-20 
(Increase) 

0-27 
0-52 


Average loss per week* 


1-9 


019 



Although the apparent average loss of capacity was much greater in coarse bed A than in coarse 
bed B (both primary), the actual capacityof B was slightly smaller than that of A, being 21-2 per cent., 
as against 21-8 per cent, in A. This is accounted for by the fact that a much greater decrease in 
capacity occurred in bed B before the 20th September than in bed A after the 20th September. 

Work was commenced on Tuesday, 4th July, 1899, the beds receiving one filling per day 
up to 15th July, when it was thought advisable to fill the beds only three times in the week. 

From 21st September the beds received one filling a day, and from 11th December onward 
two fillings a day. 

The purification as measured by the amount of oxygen absorbed from permanganate, 
effected up to the end of the year 1899 is stated in the following table, in which the numbers in 
the first column represent the average percentage purification effected during the period when +he 
beds were filled three times a week, the second column the period of one filling a day, the third 
column the period of two fillings a day, and the last column the average percentage purification 
effected by each bed from the commencement of the experiment until 31st December, 1899. 



Description of bed. 


Three fillings 
a week. 


Six fillings 
a week. 


Twelve fillings 
a week. 


Average. 


Primary coarse bed A . . . 
Secondary coarse bed A 1 
Primary coarse bed B . . . 
Secondary fine bed B 1 . . . 


43-9 
62-3 
43-5 
79-1 


45-3 
63-6 
45-3 
76-1 


45-0 
61-1 
43-9 
67-Q 


43-9 
62-5 
43-8 
76-2 



A further improvement is observable in the efficiency of the beds since December 31st 

last up to the date of writing (10th February, 1900), the average percentage purification effected 
during that period having been as follows — 

Primary coarse bed A ... ... ... ... 46'4 

Secondary coarse bed A 1 ... ... ... ... 64-2 

Primary coarse bed B ... ... ... ... 47'3 

Secondary fine bed B 1 ... ... ... ... 71 "0 



* This average is calculated from the total loss of capacity which took place during the 20 weeks of experiment. 
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Belative Temperatures of the Atmosphere and of the Sewage and Effluents. 

In Table 2 (page 19) the detailed temperature readings of the atmosphere and the effluents 
daring December, 1899, are given. From a general consideration of the averages of these readirigs it 
appears that when the atmosphere was at a temperature of 38'5° fahr. the sewage flowed "ito the 
primary beds at a temperature of 53° Fahr. ; and that after it had remained m the primary beds 
for two hours it flowed into the secondaiy beds at a temperature of 46" from bed A and oi 44 5 
from bed B, the air temperature at that time bring 38'0°. After the sewage had remained m the 
secondary beds for two hours it was drawn off, and showed a temperature of 44 from bed Ai and 
42-5° from bed Bl, the air temperature at the time being 37-5'^. It will be observed that the 
average temperature of the outside air fell during the whole process 1° Fahr., and that the sewage 
fell 7° while it remained for two hours in the primary bed A, and a further 2 while it remained 
another two hours in the secondary bed A 1, or 9 degrees out of a possible 15-5 degrees^ fall duri ng 
the whole process. In series B the sewage fell in temperature 8-5 ° after two hours rest in the 
primary bed and a further 2"^ after another two hours in the secondary bed, or 10^5 degrees out of a 
possible fall of 16'5 degrees during the whole process. 

In considering this question of temperatures the following facts must b? borne in mmd— 
(1) that the beds were small in area ; (2) that their position was exposed, that they stood m 
metal tanks supported entirely above the ground level, and that each tank was widely separated 
from the others; and (3) that since the tanks were constructed of thin galvanised iron, their 
exteriors readily lost heat by radiation as well as by contact with the cold air. 

The somewhat lower" temperatures found in series B are explained by the fact that the 
latter is somewhat more exposed than series A, which stands between series B and a wooden 
wind-screen. 

In another series of readings which are given in Table 3 (page 20) the air temperature fell 
2*5° Fahr. during the process of treatment of the sewage — from 48-5° to 41° ; and the temperature 
of the sewage fell in both series of beds (A and B) 4'5° in its passage through the primary beds, 
and 1 degree more in passing through the secondary beds — a total fall of 5"5° out of a possible 
9"5°. In series A the temperature of the beds themselves was taken about four hours after they 
had been emptied, and the average temperature of the primary bed was found to be equal to that 
of the sewage which had flowed into the bed, viz., 50'5° Fahr., while the outside air stood at 42°. 
The average temperature of the interior of the secondary bed was 48°, or 2° higher than that of 
the effluent from the primary bed with which it had been filled, and 3° above that of the effluent 
when it was drawn off four hours previous to the test, the outside air standing at 41° Fahr. 

These details may be summarised as follows — The temperature of the liquid, while it was 
standing in the primary bed, fell 4'5 Fahr., but after the liquid had been drawn off, the bed 
recovered from this loss of temperature in four hours ; this recovery could evidently only be 
effected by someinternal action which was attended with the production of heat, and is probably 
due to the action of the bacteria upon the moist suspended matters contained in the bed. 
The liquid, in passing through the secondary bed, lost a further degree in temperature, but the 
bed, after standing empty for four hours, rose in temperature again to the extent of 3° Fahr. 

Composition of the Air contair.ed in the Body of the Primary Bed B. 

Many analyses were made of the air contained in the empty coke-beds. The detailed 
results are given in Table 4 (pp. 20 and 21). From the 19th October to the end of 1899 the air present in 
the intertices of the coke-bed, after it had remained empty for the average time of twenty-one 
hours on several different occasions, contained the following average percentages of oxygen and carbon 
dioxide — 

Oxygen ... IQ-S 

Carbon dioxide ... ... ... 5'7 

Between January 1st and February 23rd, 1900, when the bed had remained empty on many 
occasions for an average period of fire hours, the following average percentages were found in the 
interstitial air — 

Oxygen 8"0 

Carbon dioxide ... ... ... 5'7 

Fresh air contains on an average the following percentao-es— 

Oxygen 20-96 

Carbon dioxide ... ... ... 0'04 

The average proportion of oxygen present in the air at the bottom of the bed, as compared 
with that present m fresh air therefore was, up to the end of 1899, with the bed standing empty 
for twenty-one hours, about 50 per cent. From the commencement of the present year uritil 23rd 
February, with the bed standing empty for the average period of five hours, the aeration as 
measured by the above proportion of oxygen, has been about 38 per cent. This is by no mean's so 
satisfactory a condition as could be desired, and is probably due to the fact that the bed had become 
clogged by the beavy suspended matters of the crude sewage, and that the putrifactive bacteria 
acting on these matters rapidly absorb oxygen from the air and liberate carbon dioxide and other 

SuUahiUtyof the Effluent to Maintain Fish /./^.-The effluent from the primary beds was 
capable of sustaining the life of gold fish apparently indefinitely. Less hardy fish, such as roach 
dace, and perch, became sickly after living in the effluent for a week or two It should bp 
remaned, however, that the fish were in a somewhat sickly condition before they were placed in 
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Nitrification. — The average amount of nitrification produced by the nitrifying organisms 
in the various beds up to Slst December, 1899, is indicated by the foUo-^ng numbers — 



Description of liquid examined. 


Weight of oxidised nitrogen present in the 
sewage and in the effluent in grains per gallon. 




Nitrous nitrogen. 


Nitric nitrogen. 


Crude Sewage 

Effluent from Primary coarse bed A ... 

)j J) )^ -D . .. ... . . . 

„ Secondary coarse bed A 1 
„ Secondary fine bed B 1 


0-0040 
0-0932 
0-0645 
0-0767 
0-0409 


0-1602 
0-4474 
0-3562 
0-9279 
1-5861 



It will be seen that the sewage arrived at the works containing an average amount of 
0"1602 grains per gallon of nitric nitrogen, which shows that it was fairly fresh. li contained, as 
a rule, no nitrous nitrogen. 

Comparing the amounts of oxidation of nitrogen produced in the various bed, the amount of nitrous 
oxidation effected in the primary beds was reduced by 17" 7 per cent, in the secondary coarse bed 
and by 36'6 per cent, in the secondary fine bed. On the other hand the amount of nitric oxidation 
effected in the primary beds was increased by 107-4 per cent, in the secondary coarse bed and by 
345 '3 per cent, in the secondary fine bed. 



3.— THE BACTEEIAL TREATMENT OF THE SEDIMENTED CHEMICAL 
EFFLUENT IN THE ONE ACRE SIX-FEET COKE-BED. 

The one-acre coke-bed, as it was originally laid down, consisted of three feet of unsifted 
pan breeze obtained from the adjacent Beckton Gas Works. In 1898 the depth was increased 
to 6 feet by placing on the top of the old bed 3 feet of coke, in pieces from half-an-inch to one inch 
in diameter and sifted free from dust. Its area was really 5,067 square yards instead of 4,840 square 
yards. 

The bed was first filled on 29th April, 1898, in order to test the pipes for leakage, and it 
was observed that the surface of the bed settled down considerably in the central portion. The 
bed was re-levelled and work was re-commenced on the 12th May, 1898. On the following day 
the effluent from the bed showed a purification of 81 '2 per cent, as compared with the chemical 
effluent, which was allowed to flow upon this bed. The bed was filled once a day until 2nd July, 
1898, from after that date one filling per tide was dealt with : this amounted practically to two 
fillings a day. The bed had to be worked according to the tide, because high-water mark in the 
river, into which the effluent was discharged, was above the level of the outfall for the effluent. 

Quantities of chemical effluent dealt with and capacity of the bed. 

The bed was filled once a day between 12th May, 1898, and 2nd July, 1898, with the 
exception of Sundays, when the bed rested empty. During this period the bed was filled 43 times, 
and dealt with a total volume of 29,986,048 gallons, or an average of 697,350 gallons at each 
filling. As the total capacity of the space occupied by the bed is 273,618 cubic feet, or 1,710,112 
gallons, the bed showed a liquid capacity of 40'8 per cent, of its whole volume. During the 
period under notice the capacity of the bed, as calculated from the averages of the first and last 
complete week's work, fell 71,045 gallons, this being equal to a decrease of 4-15 per cent, during the 
the whole period, or to 0*59 per cent, .per week. 

During the week ending July 9th, 1898, the bed was dealing with sewage at the rate of 
1,255,918 gallons a day for six days in the week, and resting on the seventh. This quantity is 
approximately equal to that dealt with by the old 3-foot bed when it was at its maximum working: 
capacity and being filled three times a day. 

As the effluent appeared to drain off very slowly from the bed, the engineer obtained the- 
sanction of the Committee to construct a second outlet in order to hasten the process of emptying 
this bed. For this purpose the bed was thrown out of work on Friday, 29fch July, 1898. The 
capacity of the bed at this time was 508,250 gallons, or 29-7 per cent. This is a fall of 12-2 per cent. 
from the average capacity during the week ending May 21st, 1898. The average capacity during 
this week was 717,503 gallons, and the last filling on the 29th July had shown 508,250 gallons. 

The purification effected during the period from May 12th to 29th July, 1898, as shown by 
the oxygen consumed, averaged 79-7 per cent. 

The regular filling of the bed was commenced again on 8th November, 1898. During the 
first two weeks after starting, the bed was filled once a day, but the work done was so efficient that 
tidal fillings were resumed on 21st November, and continued until 11th March, 1899, when the 
bed became foul and was thrown out of work. During this period (November 8th, 1898, to March 
11th. 1899) the bed dealt with 98,743,447 gallons and eSected an average purification of 84-3 

per cent. 

At the commencement of this period the capacity of the bed was 39-7 per cent. ; at the end 
of the period it was 29-1 per cent. This is equal to a drop of 10-6 per cent, in seventeen weeks, or 

0-6 per cent, per week. 

The bed rested empty for eight weeks and was started again on 8th May, 1899. It was 
filled once a day during the first three days of this week, and rested empty until the Monday 
following in order to enable the engineer to carry out some experiments relative to the cost of 
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siftinsf the material composing the lower three feet of the bed. The bed was then filled once a 
day until the 30th May, when tidal fillings were again commenced. 

Between the 8th May and 31st December, 1899, the bed was filled 361 times, and deait with 
a total of 170,191,973 gallons, or with an average of 471,446 gallons per filling. This gives an 
average capacity of 27-6 per cent., or 1-5 per cent, lower than 11th March. The actual_ fall in 
capacity between the middle of May and tho end of December, 1899, was 7-7 per cent. Since the 
end of the year 1899 the capacity has gradually diminished until it reached, on 3rd March, 1900, 
21-8 per cent., and 20'1 per cent, on 21st April. 

The puriiication effected during the period extending from the 8th May to 31st December, 
1899, averaged 82 per cent., as measured by the removal of the dissolved oxidisable matters from the 
chemical effluent. The results of these examinations are given in Table 7 pp. 25 to 34. 

On February 20th a hole was dug to the bottom of the bed after it had been draining for 
five or six hours, and it was found that liquid remained in the bed filling it to the surface of the 
old 3-feet bed. The water could be baled out, but the hole filled itself again by the liquid oozing 
very slowly through its sides from the surrounding parts of the bed. In other words the lower half 
of the bed remained permanently full of liquid. This was probably due to the consolidation of the 
unsifted fine pan breeze in the lower part of the bed by the weight of the upper layer of three feet ; 
this upper part being coarse-sifted coke apparently remained open and unconsolidated. The 
liquid contents of the lower three feet of the bed were accordinrjly only forced through the drain- 
pipes durinp; the process of emptying by the weight of liquid in the upper half of the bed, and as 
•soon as the contents of the upper three feet reached the lower three feet of the bed they remained 
there while the bed was resting in air until they were forced out after the next filling. It appeared 
therefore that only the upper three feet of the bed was aerated by direct contact with the air when 
the efiluent flowed out, and that the lower three feet of the bed must have obtained its oxygen from 
the liquid which had been in contact with the upper half of, the bed. This condition of things 
probably explains the low nitrification which has always been found in effluents from this bed, as 
compared with those derived from other experimental beds in use on the works. It explains also 
the low liquid capacity of this bed. In all probability the liquid capacity was nearly double that 
which was shown by measuring the volume of the efiluent discharged. The capacity measured was 
indeed that of the upper half of the bed only, the lower half remaining entirely filled with liquid. 



Ill— REPORT AS TO FURTHER EXPERIMENTS ON THE BACTERIAL 
TREATMENT OF CRUDE SEWAGE AT THE SOUTHERN OUTFALL 

(CROSSNESS). 

1.— l^iTTEEMITTENT TREATMENT OF CRUDE SEWAGE BY SINGLE CONTACT IN 

A COKE-BED 13 FEET IN DEPTH. 

A brick-lined tank, 22 feet 6 inches long by 10 feet 8 inches wide, and having a superficial 
area equal to sas of an acre, had already been filled with coke to a depth of 6 feet for the experiments 
which were described in the previous Report on the Crossness Experiments. The coke fragments 
were about the size of walnuts. This 6-foot bed had been acting as a secondary bed for about eight 
months, and had treated the effluent from a coke-bed fed with crude sewage for that period. 

On February 27th, 1899, this bed was first filled with crude sewage, and its depth was increased 
by adding new coke fragments of similar size to the old, until on March 8th the bed was 12 feet deep. 
On April 11th another foot of coke was added giving the bed a total depth of 13 feet. This increase 
in depth was made in oi'der to ascertain whether an increase in the depth of the bed in any way 
detracted from its efficiency. It will be evident that the capacity of a bed per unit of superficial area 
is increased in proportion to this increase in its depth. 

In charging this bed crude sewage was pumped by a special engine and pump direct from the 
suction culvert of the main pumping engines of the Outfall, and was distributed from a trough over 
the surface of the bed. The liquid sank readily into the body of the coke-bed. 

As soon as the bed was filled and the liquid appeared at the surface of the bed, the pumping 
^vas stopped. The sewage was then allowed to remain in contact with the coke for three hours after 
which it was allowed to flow away slowly from the bottom of the bed. ' 

The filling took from 20 to 25 minutes, and the draining away of the effluent from an hour to 
an hour and a half. 

From February 27th to March 25th inclusive, the bed was filled once daily with sewage and 
after March 27th it was generally filled twice daily. ' 

The bed was charged once only on Saturdays and remained empty on Sundays and on holidays 
The other rests were due either to accidents occurring to the driving belb or to the pump or to the 
necessity arising for making alterations in the arrangements or for making capacity determinations of 
the bed. 

The coke which was used in this bed occupied, while it was new, 49 per cent of the whole 
volume of the bed, and the interstitial air or Hquid occupied 51 per cent. This liquid space w 
reduced by June 8th to about 34 per cent., and by October 10th to about 28 per cent This loss 



as 
in 



capacity was equal to about 63 gallons decrease of liquid capacity per week, and threatened sneedilv 
to put an end to tbe work of the bed. In order to prevent further loss of liquid capacity the coarser 
suspended matter of the crude sewage was allowed to subside before the sewage flowed upon the bed 
With this object a large wooden tank was placed upon the top of the coke-bed and the crude 
sewage was pumped into this and was allowed to overflow upon the bed. ' 
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The solid matter left behind in the tank consisted mainly of particles of sand, woody fibre, 
straw, paper and hair. It was generally of the same character as the matter which had been found 
adhering to the coke and which had been choking the bed. The result of this rough settlement was 
that by January 12th, 1900, the liquid capacity had increased from 28 per cent, to about 33 per cent. 

The purification effected by this bed, as judged by the removal of dissolved organic matter was 
practically equal to that obtained by the 4 -foot bed. 

There is no reason why a deep bed should not give as good results as a shallow bed, provided 
that it is as well aerated during the periods when it is empty. Experiments have been already 
reported which proved that even the bottom of the 13-foot bed was well supplied with oxygen. 

The efiluent from this deep coke-bed has been usually slightly turbid ; it possessed only a faint 
earthy smell, and it was capable of supporting fish life. 

During the period under notice, from February 27th, 1899, to December 22nd, 1899, the bed 
had been filled 338 timeis. 

Taking the average sewage capacity of the bed as being equal to 6,000 gallons, the quantity of 
sewage dealt with per acre per day would be, for one filling, 1,089,000 gallons; for two fillings, 
2,178,000 gallons; and for three fillings, 3,267,000 gallons. 

Experiments are now in jjrogress which will prove whether this bed is capable of treating 
sewage satisfactorily at the rate of four fillings a day, the sewage supplied to it having undergone a 
short process of preliminary sedimentation. 



2.— EXPEEIMENT ON THE BACTERIAL TREATMENT OF RAPIDLY SEDIMENTED 

CRUDE SEWAGE. 

For three weeks ^t the end of last year the crude sewage arriving at the Southern Outfall was 
not mixed with chemicals, and was allowed to flow through one of the large settling channels at an 
average rate of 7 "4 feet per minute, the usual rate of flow of chemically- treated sewage being about 
1"5 feet per minute. A portion of this sedimented sewage was then treated in a small coke-bed in the 
intermittent manner already described, the bed being filled thrice daily. Details of the results 
obtained are given on page 38. 

An average percentage purification from dissolved oxidisable matter was obtained, amounting 
to 53 per cent., calculated on the sedimented sewage ; this purification amounted to 58"7 per cent., 
if calculated on the crudge sewage. The capacity of the bed was not reduced during the period of 
treatment. 



3.— APPENDED REPORT ON THE 13-FOOT COKE BED. FEEDING. WITH SEDIMENTED 
SEWAGE, AND INCREASED NUMBER OP FILLINGS PER TWENTY-FOUR HOURS. 

JANUARY 15th TO JULY 28th, 1900. 

Continuing the history of this bed from the end of the last statement, the bed was not filled 
from December 22nd, 1899, to January 15th, 1900, owing to the experiments with the whole of the 
Crossness sewage being carried on at the same time. 

From January 1 5th to April 5th, 1 90 0, the bed was filled intermittently in the way already described, 
the sewage overflowing from a large wooden tank placed on the bed so as to allow the heavier and 
coarser suspended solids to settle out. The number of fillings per day is shown in the table which 
follows this statement. 

On April 5th the bed had been filled with crude sewage three times daily for nearly 7 weeks. . 
The coke was then seriously clogged upon the surface, and although the degree of purification effected'' 
was fully maintained, the bed had to be stopped in order to give time for the collection of matter in 
the upper part to become removed by bacterial action. The bed was allowed to stand in air from, 
April 5th to May 2nd, 1900. 

In the meantime, arrangements had been made to subject the sewage to a short, but more- 
efficient, process of sedimentation in a brick tank of approximately 8,000 gallons capacity befoi?e it 
passed into the bed. The settled liquid was drawn off from near the surface of this tank, and as soon 
as the coke-bed had been filled the residual liquid remained at rest in the settling tank until it was 
again filled up with the crude sewage. Probably most of the liquid which passed into the coke-bed 
was therefore settled stale sewage, which was displaced by the incoming sewage. Some anaerobic (septic) 
bacterial action undoubtedly took place in this settling tank, and there was a considerable evolution of 
inflammable gas, but the extent by which the sludge was reduced in amount by this action could not 
be ascertained. The conditions of working would not allow of suSiciently accurate measurements of 
the incoming sludge being made, and an intermittent septic process of the above kind could hardly be 
suitable for dealing with the sewage of London. 

Since May 2nd, the coke-bed has been filled intermittently from the brick settlmg tank three 
and four times daily ; no clogging of the upper parts of the coke has been noticed, and the liquid 
sinks readily into the coke-bed as soon as it is allowed to pass upon the surface. The liquid capacity 
of the coke-bed was taken at long intervals, and has been found to be as follows— 
January 12th — 6,000 gallons. 
June 16th— 6,000 gallons. 
October 8th — 6,290 gallons (calculated from a determination of the capacity of half the bed). 

The sludge deposited during eight weeks in the settling tank contained on the average 35 per 
cent, of organic matter. 
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Number of Fillings Per Week of the IS-foot Coke Bed, and Weekly 

Average Purification. 







Average percentage purification as measured by the 




No. of fillings per week. 


oxygen absorbed from permanganate in Jour bours. 


Week ending 








By the total putresdblo 
matter. 


By the dissolved putresoi- 
ble matter. 


1900. 

January 20th 

27th 

February 3rd 

„ 10th 

17t,h 




6 
6 
6 
6 


50-6 
58-0 
56-0 
60-0 


48-8 
62-0 
68'0 
58-0 




2 


51-0 


45-0 


11 J-lbll 
24tb 




16 


48-0 


48-0 


11 ^'JJUlf 

March 3rd .. 
10th 






15 
15 


45-5 
53'0 


43-5 
51-0 


11 -L'-'lJAJ- .. 

17th 






14 


56-0 


54-0 


11 XI Vl± .. 

24tb.. 






16 


52-6 


521 


", 31st 






13 


51-1 


50-5 


April 5th .. 






9 


490 


510 


„ 6th to May 2nd, res 


t 






for choking, altera 


- 






tions, &o. ... 


— 







May 5th .. 
12th 




! 6 
11 


46-0 
44-0 


64-0 
51-0 


11 X£/\JLL 

19th 




11 


56-0 


57 '0 


26th 




16 


56-0 


58-0 


June 2nd . . 




15 


61-0 


62-0 


9th 




17 


53-0 


62-0 


11 "^^^ 
„ 16th .. 




17 


53-6 


621 


„ 23rd .. 




20 


58-0 


54-0 


„ 30th .. 




21 


55-0 


470 


July 7th .. 
„ 14th .. 




21 


630 


630 




20 


61-0 


58-0 


„ 21st .. 




9 


68-0 


610 


„ 28th .. 




11 


65-0 


60-0 


Total 


319 Av 


erage 54'4 


63-6 



4.— LIQUID CAPACITY OP A COKE-BED, AS IT IS AFFECTED BY THE SIZE OF THE 

COKE FRAGMENTS. 

The question has been raised as to the actual liquid capacity of one and the same tank accord- 
ing as it is filled with coke fragments of different sizes. It has been maintained that the liquid 
capacity of the interstices between the coke-fragments does not vary when the tank is successively 
filled with fragments of different dimensions, provided that in the case of each filling with coke the 
fragments are approximately of similar dimensions. 

In order to test this a tank with a total capacity of 280 gallons was filled with small fragments 
of coke which passed a half-inch mesh, and subsequently with fragments about the size of the fist. 
In both cases the coke was allowed to soak in water until it was saturated, as was shown bv the 
liquid capacity of the coke-tank becoming uniform when it was tested at intervals of several days. 
The period of soaking required was ahout four days. The liquid capacity was distinctly greater when 
the tank was filled with the large coke fragments than when it was filled with the small fragments. 
The relative capacities were as follows — 

Capacity of small-coke bed ... ... ... ... 135 gallons. 

,, large-coke bed ... ... ... ... 150 gallons. 

Further experiments seemed to show that this difierence in capacity increased as the particles 
departed more widely from the spherical form. With truly spherical particles of uniform size, the 
difference of capacity arising from difference in the size of the particles entirely disappeared. 
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IV.— TABULATION OF THE RESULTS OF THE CHEMICAL EXAMINATION 
OF THE BACTERI ALLY-TREATED CRUDE SEWAGE AND EFFLUENTS. 



I— BAEKING EESULTS. 



Table 1. — Chemical Results of the Estimation of the Amount of Oxygen Absorbed from 
Permanganate by the Sewage and by the Effluents from the Beds of Ragstone and Coke. 







Number of grains of oxygen absorbed from permanganate in 4 hours 




"vr 1 




by one gallon of — 






Nnmber 








Date. 


of 
times 
filled 
daily. 


Crude sewage. 


Effluent from tbe Ragstone 
series. 


Effluent from the Coke 

series. 






Primary 


Secondary 


Primary 


Secondary 








coarse bed. 


fine bed. 


coarse bed. 


fine bed. 


1898. 














Sept. 22 


Once 


4-412 


4-759 


5-000 


4-759 


1-471 


^ 23 




lost 


4-510 


4-412 


4-608 


0-784 


26 




2-059 


3-039 


2-363 


2-35S 


0-882 


27 




2-330 


2-718 


2-524 


2-718 


0-777 


28 




1-942 


2-039 


1-748 


1-845 


0-582 


29 




2-600 


2-600 


1-900 


2-700 


0-600 


30 




3-300 


3-200 


2-600 


3-200 


0-900 


Oct. 3 




1-900 


2-500 


1-900 


1-800 


0-600 


4 




2-200 


2-300 


1-800 


1-900 


0-600 


5 




2-300 


2-800 


1-900 


2-100 


0-500 


6 


)) 


1-800 


1-800 


1-400 


1-400 


0-600 


7 




1-800 


1-800 


1-400 


1-400 


0-700 


8 


)' 


2-200 


2-300 


2-000 


1-700 


0-700 


10 


)) 


1-500 


1-500 


1-800 


1-700 


0-900 


11 


)j 


3-000 


2-800 


1-900 


2-600 


1-100 


12 


)) 


2-000 


1-900 


1-600 


1-800 


0-800 


13 


j» 


1-700 


1-600 


1-300 


1-500 


0-700 


14 


J) 


1-800 


1-700 


1-200 


1-700 


0-700 


15 


)j 


2-700 


2-600 


2-000 


2-500 


1-100 


17 


j» 


1-400 


1-500 


1-300 


1-400 


0-800 


18 


)i 


2-200 


1-800 


1-600 


1-800 


0-900 


19 


)) 


1-881 


1-980 


1-881 


1-881 


1-089 


21 


?5 


3-267 


3-168 


1-782 


3168 


1-188 


22 


5J 


2-178 


1-683 


1-386 


1-980 


0-792 


24 


)' 


2-673 


2-376 


1-584 


2-178 


0-891 


26 


5) 


2-475 


1-881 


1-584 


2-079 


1-089 


26 


)) 


3-069 


2-376 


1-485 


2-178 


0-792 


27 


J> 


3-564 


2-970 


1-881 


2-772 


1-188 


28 


)» 


4-059 


3-866 


2-277 


3-069 


1-584 


29 


)) 


2-475 


2-277 


1-584 


2-178 


0-990 


Nov. 2 


J) 


4-158 


3-168 


2-277 


3-366 


1-386 


Q 


J' 


4-059 


3-366 


1-782 


3-069 


1-287 


*J 

4 


)5 


3-564 


2-772 


1-486 


2-574 


1-684 


5 


)' 


4-275 


3-366 


2-277 


3-267 


1-287 


7 


!) 


3-366 


2-970 


1-782 


3-267 


1-386 


1 

8 

Q 


5> 


3-960 


3-168 


1-881 


3-168 


1-287 


)) 


3-663 


3-267 


1-980 


3-069 


1-881 


10 


H 


3-564 


2-970 


1-980 


2-871 


1-684 


11 

12 
14 
15 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
28 
29 
30 
Deo. 1 
2 


)) 


3-663 


S-162 


1-782 


3-069 


1-386 


?) 


4-356 


3-465 


2-376 


3-366 


2-079 


)) 


3-069 


2-871 


1-881 


2-673 


1-287 


)) 


4-554 


3-069 


1-980 


2-673 


1-485 


)) 


4-158 


2-970 


1-386 


2-673 


1-683 


»» 


4-158 


3-168 


1-782 


3-267 


1-368 


1} 


4-564 


3-069 


1-881 


3-069 


1-980 


)» 


4-653 


3-564 


1-980 


3-366 


2-079 


!> 


4-000 


3500 


2-000 


3-300 


1-400 


)? 


4-000 


3-400 


1-800 


3-600 


1-400 


»l 


4-800 


3-600 


2-000 


3-500 


1-600 


)) 


4-700 


3-900 


2-300 


3-900 


1-700 


)) 


4-800 


3-500 


2-100 


4-000 


1-500 


11 


4-400 


3-000 


1-500 


3-200 


1-100 


)) 


4-100 


3-000 


1-900 


3-000 


1-500 




4-300 
6-000 
4-300 


3-400 
3-500 
3-400 


1-800 
2-500 
2-800 


3-900 
3-600 
3-500 


1-400 
1-900 
2-100 


» 


5-500 


3-800 


2-300 


4-100 


1-900 

r 



[3] 
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TABLE 1.— (continued). 



Date. 



Number 

of 

times 

filled 

daily. 



Number of grains of oxygen absorbed from permanganate in 4 hours 
hj one gallon of — 



Crude sewage. 



Effluent from the Ragstone 
series. 



Primary 
coarse bed. 



Secondary 
fine bed. 



Effluent from the Coke 
series. 



Primary 
coarse bed. 



Secondary 
fine bed. 



1898. 
Dec. 3 
5 
6 
7 
8 
9 
10 
14 
15 
16 
17 
20 
21 
22 
23 
24 
29 
30 
31 
1899. 
Jan. 2 
3 
4 
5 
6 
7 
9 
11 
12 
13 
14 
16 
17 
18 
19 
20 
21 
25 
26 
27 
28 
30 
31 
Feb. 1 
2 
3 
4 
6 
7 
8 
9 
10 
11 
13 
14 
15 
16 
17 
18 
20 
21 
22 
23 
24 
25 
27 
28 
Mar, 1 
4 



Once 



Twice 



5-400 

5-400 

4-800 

4-900 

3-000 

4-200 

4-400 

5-200 

5-000 

5-100 

5-000 

4-600 

5-100 

4-200 

4-600 

5-600 

4-400 

4-700 

5-500 

3-600 

4-802 

5-098 

4-800 

4-700 

5-100 

4-100 

4-200 

3-100 

3-300 

2-500 

2-900 

3000 

3-600 

3-100 

4-200 

2-600 

4-158 

4-100 

3-700 

3-500 

3-500 

4-400 

4-200 

4-000 

4-000 

3-000 

3-400 

2-900 

3-100 

3100 

3-300 

3-600 

2-700 

3-000 

4-000 

3-200 

3-700 

3-300 

3-400 

3-900 

4-400 

4-400 

4-700 

3-700 

3-700 

4-600 

4-300 

3-600 



3-200 

3-600 

3-500 

3-500 

2-000 

3000 

3-200 

3-300 

3-100 

3-900 

3-100 

3-800 

4-000 

3-700 

3-200 

4-100 

3000 

3-200 

3-500 

2-600 

3-627 

3-922 

3-300 

3-300 

3-200 

3-400 

3-700 

2-700 

2-600 

2-000 

2-200 

2-400 

3-000 

2-800 

3-400 

2-300 

3-366 

3-200 

3-200 

2-700 

3-100 

3-300 

3-400 

2-700 

3-400 

2-700 

2-800 

2-300 

2-500 

2-600 

2-400 

3-300 

2-000 

2-600 

3-000 

2-700 

2-900 

2-500 

3-000 

3-000 

3-000 

3-500 

3-600 

3-400 

3-000 

3-100 

2-900 

2-600 



2-500 

2-300 

1-800 

2-400 

1-500 

1-700 

2000 

2-300 

2-200 

2-600 

1-700 

2-200 

2-200 

2-300 

2-400 

2-100 

1-800 

2-000 

2-300 

1-300 

2-353 

2-157 

2-000 

1-700 

1-800 

2-100 

2000 

1-700 

1-800 

1-500 

1-000 

1-400 

1-700 

1-700 

2-200 

1-600 

1-980 

2-000 

1-700 

1-700 

1-900 

1-800 

2-200 

2-600 

1-900 

1-800 

1-600 

1-600 

1-500 

1-500 

1-400 

1-600 

1-700 

1-800 

1-900 

1-700 

1-600 

1-700 

1-700 

1-700 

2-000 

1-900 

2-100 

2-000 

1-700 

1-900 

1-800 

1-900 



3-500 

3-800 

3-800 

3-600 

2-500 

2-700 

2-700 

3-900 

2-700 

3-800 

3-000 

3-800 

3-600 

2100 

3-100 

4-000 

3-200 

3-700 

3-600 



1-900 

2-000 

1-600 

2-200 

1-100 

1-300 

lost. 

1-600 

1-600 

1-900- 

1-600 

1-600 

l-60a 

i-6oa 

1-900- 
1-600 
1-30O 
1-300- 
1-400. 



2-100 


1-700 


3-726 


1-669 


3-922 


1-471 


3-300 


1-600- 


3-000 


i-4oa 


3-500 


1-60O 


2-800 


1-400- 


4-100 


2-100 


3-000 


1-200 


2-800 


1-000 


2-000 


1-ooa 


2-400 


1-000 


2-500 


i-9oa 


3-000 


1-100 


2-600 


i-2oa 


2-900 


1-100 


2-200 


1-300 


3-168 


1-486- 


2-800 


1-500- 


3-000 


1-500 


1-600 


1-300 


2-700 


1-400' 


3-300 


1-400 


3-300 


1-600- 


3-300 


1-500 


3-500 


i-4oa 


2-500 


1-400- 


2-600 


2-ioa 


2-200 


1-300 


2-400 


1-200- 


2-300 


1-20O 


2-100 


1-30O 


3-100 


1-400' 


2-200 


1-30O 


2-300 


l-SOO- 


3100 


l-,500' 


2-700 


1-50O 


2-900 


1-300 


2-600 


1-300- 


3-100 


1-300 


3-100 


l-,500> 


3-000 


i-5oa 


3-300 


1-600 


3-700 


i-7oa' 


3-000 


1'700* 


3-000 


1-500' 


3-100 


1'50Q- 


2-800 


1-300^ 


2-900 


1-500 
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TABLE I.— (continued). 







Number of grains of oxygen absorbed from 


permanganate in 4 tours 








by one gallon of — 






Number 








Date. 


of 
times 
filled 
daily. 


Crude sewage. 


Effluent from tbe Ragstone 
series. 


Effluent from the Coke 
series. 






Primary 


Secondary 


Primary 


Secondary 








coarse bed. 


fine bed. 


coarse bed. 


fine bed. 


1898. 














Mar. 6 


Twice 


4-000 


2-900 


1-800 


3-000 


1-500 


7 




4-300 


3-100 


1-900 


2-900 


1-400 


8 




4-500 


3-300 


2-000 


3-100 


1-600 


9 




5-100 


3-800 


2-200 


3-900 


1-700 


10 




4-700 


3-400 


2-100 


3-300 


1-900 


11 




3-800 


3-000 


1-900 


3-100 


1-600 


13 




4-216 


3-725 


1-863 


3-627 


1-863 


14 




4-412 


3-627 


2-157 


3-529 


1-863 


15 




4-216 


3-137 


2-255 


2-941 


1-863 


16 




4-706 


3-431 


2-255 


3-235 


1-667 


17 




4-314 


3-235 


2-059 


3-333 


1-863 


18 




3-725 


2-950 


2-069 


'2-745 


1-373 


20 




4-314 


3-333 


1-863 


3-333 


1-569 


21 




4-623 


3-585 


1-981 


3-396 


1-698 


22 




4-623 


3-208 


2-264 


3-113 


1-981 


23 




4-057 


2-925 


1-604 


2-736 


1-415 


24 




4-434 


2-925 


1-887 


3-019 


1-604 


25 




4-057 


3-396 


2170 


3-775 


1-604 


27 




4-623 


3-679 


2-075 


3-775 


1-604 


28 




4-528 


3-491 


2-170 


2-830 


1-698 


29 




5-189 


3-775 


1-698 


3-302 


1-887 


Apl. 5 
6 




6-094 


4-717 


2-736 


5-000 


1-792 




4-057 


3-208 


2-547 


3-208 


1-609 


7 




3-868 


3-396 


2-075 


301& 


1-321 


8 




4-151 


3-585 


1-792 


3-585 


1-604 


10 




2-925 


2-264 


1-416 


2-547 


1-321 


11 




3-208 


2-359 


1-604 


2-736 


1-321 


12 




4-057 


3019 


1-887 


2-73'6 


1-509 


13 




3-775 


3-019 


1-698 


2-92'5 


1-415 


14 




2-736 


2-170 


1-415 


2-359 


1-321 


15 


rages 


2-830 


2-547 


1-604 


2-54;7 


1-226 


Ave 


3-797 


3-015 


1-933 


2-944 


1-396 



Table 2.— Temperature Eeadings of the Atmosphere and of the Effluents from the^ 

Coke-beds of Series A. and B. 

Temperatures in degrees Fabrenbeit. 



Date. 



1899. 
Dec. 11 
12 
12 
18 
14 
15 
15 
16 
16 
18 
19 
20 
21 
27 
28 
28 
29 
29 
30 
30 

Averages 



Air. 



33-0 
34-0 
33-5 
32-0 
32-0 
35-0 
320 
32-0 
44-0 
43-0 
42-0 
40-0 
41-0 
34-5 
30-0 
43-0 
47-0 
52-6 
46-0 
45-0 

38-5 



Crude 
sewage. 



53-0 
54-6 
55-0 
54-0 
54-5 
54-0 
55-0 
55-0 
62-0 
64-0 
63-0 
63-0 
64-0 
53-5 
63-0 
52-0 
60-0 
48-0 
530 
63-0 

63-0 



Air. 



30-6 
34-0 
36-0 
32-0 
36-5 
36-0 
30-5 
32-0 
35-0 
40-0 
41-0 
40-0 
39-0 
33-0 
34-0 
43-5 
47-0 
50-0 
46-6 
44-0 

38-0 



Effluent 

from 

primary 

bed A. 



48-0 
42-0 
47-0 
42-0 
45-5 
44-0 
45-0 
41-0 
43-0 
44-0 
45-0 
47-0 
47-0 
44-5 
44-0 
46-0 
50-0 
51-0 
520 
51-0 

46-0 



Effluent 

from 
primary- 
bed B. 



43-0 
40-5 
42-0 
40-0 
42-0 
42-0 
45-5 
40-0 
41-5 
44-0 
45-0 
46-0 
46-0 
41-5 
42-0 
45-6 
49-0 
61-5 
520 
510 

44-5 



Air. 



29-0 
32-0 
36-0 
300 
34-0 
30-5 
320 
300 
35-0 
41-0 
36-0 
39-0 
40-0 
34-5 
360 
46-0 
51-0 
490 
47-5 
45-0 

37-5 



Effluent 
from 



secondary secondary 



bedAl 



40-0 
40-0 
43-0 
42-5 
42-5 
43-6 
42-5 
42-5 
43-0 
42-0 
44-0 
45-0 
44-0 
41-5 
39-0 
43-5 
46-0 
51-0 
50-0 
51-0 

440 



Effluent 
from 



bed B 1. 



38-0 
39-5 
40-0 
41-0 
39-5 
39-0 
40-5 
41-0 
41-5 
41-0 
440 
44-0 
45-0 
40-0 
38-0 
43-0 
46-0 
51-0 
60-0 
50-5 

42-5 



20 



Table 3.— Temperature Eeadings of the Atmosphere, of the Crude Sewage, of the Effluents 

FROM the OoKE-BEDa AND OF THE INTERIOR OF THE OoKE-BEDS OF SERIES A. AND B. 

Temperatures in degrees Fahrenheit. 





Air. 


Crude 
sewage. 


Air. 


Primary beds. 


Air. 


Secondary beds. 


Date. 


Interior 


Effluent 


Effluent 


Interior 


Effluent 


Effluent 








of 


from 


from 




of 


from 


from 










bed A. 


bed A. 


bedB. 




bed A 1. 


bed A 1. 


bed B 1. 


1900 
Jan. 22 


61-0 


49-0 


52-5 


53-5 


57-0 


57-0 


53-5 


50-0 


63-5 


54-5 


23 


53-5 


52-5 


52-0 


54-5 


52-5 


52-0 


52-5 


52-0 


52-5 


52-0 


24 


52-0 


53-5 


50-0 


590 


52-6 


53-5 


50-0 


59-0 


62-0 


52-0 


24 


57-0 


63-5 


52-5 


57-0 


54'5 


53-5 


47-5 


63-5 


52-0 


50-0 


25 


53-5 


48-0 


53-5 


53-5 


500 


510 


44-5 


53-5 


500 


48-0 


25 


57-0 


52-0 


49-0 


57-0 


52-0 


52-0 


50-0 


55-0 


52-0 


52-5 


26 


49-0 


53'5 


48-0 


52-5 


52-0 


51-0 


48-0 


59-0 


52-0 


50-0 


26 


62-0 


53-5 


52-5 


53'5 


53-5 


52-5 


49-0 


55-5 


51-0 


510 


27 


53-5 


53-5 


52-5 


54-5 


51'0 


51-0 


39-0 


52-5 


50-0 


50-0 


29 


410 


500 


48-0 


50-0 


52-0 


51-0 


48-0 


50-0 


52'0 


52-0 


30 


46-5 


510 


48-0 


46-5 


47-5 


46-5 


37-5 


46-6 


43-0 


43-0 


30 


. 41-0 


51-0 


300 


50-0 


44-5 


44-5 


390 


41-0 


43-0 


430 


81 


. 40-0 


48-0 


43-0 


41-0 


44-5 


43-0 


48-0 


42-0 


47-0 


46-5 


31 


43-0 


52-0 


43-0 


53-5 


44-5 


44-5 


42-0 


£3-5 


44-0 


44-5 


Feb. 1 


. 44-5 


51-0 


37-5 


48-0 


40-0 


41-0 


34-0 


37-5 


41-0 


41-0 


1 


. 37-5 


51'0 


37-5 


52-0 


42-0 


42-0 


38-0 


50-0 


430 


430 


2 


. 34-0 


50-0 


35-5 


48-0 


44-5 


46-0 


34-0 


39-0 


410 


410 


2 


. 35-5 


50-0 


36-5 


51-0 


41-0 


41'0 


34-5 


50-0 


42-0 


42-0 


6 


. 46-5 


500 


44-5 


48-0 


40-0 


41-0 


37-5 


48-0 


40-0 


390 


6 


. 37-5 


48-0 


35-5 


500 


41-0 


41-0 


35-5 


48-0 


390 


40-0 


6 


. 40-0 


48-0 


36-5 


47-0 


44-5 


44-5 


34-0 


41-0 


40-0 


40-0 


8 


. 300 


50-0 


28-5 


47-0 


39-0 


39-0 


25-0 


43-0 


37-5 


390 


8 


. 36-5 


48'0 


34-0 


48-0 


40-0 


40-0 


35-5 


37-5 


37-5 


36-5 


9 


. 36-5 


48-0 


34-5 


48-0 


41-0 


390 


34-5 


36-6 


39-0 


37-5 


10 


. 26-5 


60-0 


26'5 


47 


39-0 


39-0 


37-5 


45-5 


390 


38-0 


10 


. 37-5 


48-0 


36-5 


48-0 


41-0 


39-0 


35-5 


44-5 


41-0 


39-0 


Averages 


. 43-5 


50'5 


42-0 


50-5 


46-0 


46-0 


41-0 


48-0 


450 


45-0 



Table 4. — Percentage Composition of the Air at the Bottom of the Primary Coke-bed B. 





Number of 


Percentage 






Number of 


Percentaffe 




Date. 


hours bed 


of 


Percentage 


Dn+.A 


hours bed 


of 


Percentage 


stood 


carbon 


of oxygen. 




stood 


carbon 


of oxygen. 




empty. 


dioxide. 






empty. 


dioxide. 




1899. 








1899. 








Oct. 19 


22 


16 


17-4 


Nov. 17 


17 


8-0 


10-5 


20 


20 


3-0 


156 


20 


68 


2-0 


16'4 


23 


19 


4-2 


14-8 


21 


17 


4-0 


150 


24 


19 


8-8 


4-0 


22 


17 


6-0 


12-4 


25 


19 


11'4 


1-4 


23 


19 


80 


121 


28 


43 


8-0 


6'4 


24 


19 


7'6 


12-2 


31 


19 


4-0 


9-0 


28 


19 


8-6 


6-0 


1 Nov. 1 


19 


5-0 


7-4 


29 


19 


7-6 


6-4 


2 


20 


4-0 


100 


Dec. 1 


19 


8-8 


3-2 


3 


20 


3-6 


9-8 


6 


19 


7-6 


61 


4 


38 


3-6 


10-2 


7 


19 


8-8 


30 


6 


19 


7-0 


8-2 


8 


19 


4-0 


130 


7 


19 


8-6 


4-2 


12 


19 


5-8 


11-8 


9 


19 


4-0 


160 


13 


19 


6-0 


11-8 


10 


16i 


5'0 


136 


14 


19 


7-2 


10-2 


13 


67 


1-2 


18-2 


19 


4 


6-0 


5-0 


14 


17 


3-0 


15-0 


20 


4 


7'0 


5-0 


15 


17 


3'6 


15-2 


21 


4 


8-0 


4-2 


16 


17 


4'0 


15-6 


22 
Averages 


4 


2-4 


13-6 




21 


5-7 


10-3 



In pure atmospheric air the average percentage of carbon dioxide is 0"04, and of oxygen 20'96. 



21 

Table 4. — (continued). 





Number of 


Percentage 






Nnmber of 


Percentage 




Date. 


ItOTire bed 


of 


Percentage 


Date. 


hours bed 


of 


Percentage 




stood 


carbon 


of oxygen. 


stood 


carbon 


of oxygen. 




empty. 


dioxide. 






empty. 


dioxide. 




1900. 








1900. 








Jan. 2 


4 


7-8 


5-8 


Jan. 23 


4 


6-4 


9-4 


3 


4 


9-9 


3-9 


25 


4 


6-4 


6-4 


4 


4 


1-8 


17-2 


26 


4 


5-2 


10-8 


9 


4 


7-0 


9-8 


30 


4 


4-6 


6-4 


10 


4 


6-9 


7-7 


Feb. 1 


4 


3-6 


10-4 


11 


4 


7-8 


3-6 


2 


4 


3-4 


9-8 


12 


4 


5-6 


8-4 


6 


4 


6-4 


8-2 


16 


4 


6-0 


4-9 


8 


4 


7-0 


8-0 


17 


4 


4-7 


7-9 


9 


4 


4-0 


9-8 


18 


4 


2-8 


11-2 


22 


4 


6-4 


8-0 


19 


24 


6-6 


3-4 


23 
Averages 


4 


7-8 


5-6 




5 


6-7 


8-0 



In pure atmospheric air the average percentage of carbon dioxide is 0*04, and of oxygen 20-96. 
Table 5. — Amount op Niteipication produced in the Coke Beds op Series A and B. 



Sate. 



Nitrogen as Nitrite in 



Crude sewage. 



Coke-beds of Series A. 



Primary 
Coarse Bed. 



Secondary 
Coarse Bed. 



Coke-beds ol Series B. 



Primary 
Coarse Bed. 



Secondary 
Fine Bed. 



Nitrogen as Nitrate in 



Crude 
sewage. 



Coke-beds of Series A. 



Primary 
Coarse Bed. 



Secondary 
Coarse Bed. 



Coke-beds of Series 6. 



Primary 
Coarse Bed. 



Secondary 
Pine Bed. 



1899. 

July 4 

6 

6 

7 

8 

11 

12 

13 

14 

15 

17 

19 

21 

24 

26 

28 

31 

Aug. 2 

4 

9 

11 

14 

16 

18 

21 

23 

25 

28 

30 

1 

4 

6 

8 

11 

13 

15 

18 

21 

22 

23 

25 

26 

27 

28 

29 



Sept. 



Nil 



Slight trace 
Nil 



Ni 


1 


Nil 


Nil 


0-1400 


0-1306 


0-1325 


0-1306 


0-1626 










0-1760 


0-0618 


0-0850 


0-0556 


0-0368 








ij 


0-2460 


0-0837 


0-2281 


0-0976 


0-2206 










0-2460 


0-1162 


0-1012 


0-0687 


0-0381 










0-2800 


0-1437 


0-0662 


0-1076 


0-1056 










0-2520 


0-0612 


0-0506 


0-0719 


0-1106 










0-1610 


0-1926 


0-0762 


0-2125 


0-1350 










0-0280 


0-1306 


0-1987 


0-1468 


0-1481 










0-0308 


0-1356 


0-1662 


0-1218 


0-1450 


' 








0-1060 


0-0837 


0-1444 


0-2687 


0-1906 


) 








0-0140 


0-1112 


0-2232 


0-0319 


0-0969 






0-1190 




0-0260 


0-0276 


0-0294 


Nil 


0-1181 


0-0280 


Nil 


)j 


0-0210 


Trace 


0-1032 


Trace 


0-0362 


0-1050 


0-4480 




00393 


0-1207 


0-1970 


0-1980 


0-1206 


0-0140 


0-3160 




0-0336 


0-1530 


0-1240 


0-1670 


0-1789 


Nil 


0-2100 




0-0420 


0-1181 


0-4386 


0-4087 


0-1856 


0-0182 


0-2100 




0-0632 


0-1201 


0-4628 


0-4781 


0-1800 


0-0210 


0-2100 




0-0420 


0-0856 


0-0979 


0-3762 


0-1776 


Nil 


0-2100 




0-0140 


0-0468 


0-0701 


0-3881 


0-0726 


0-3780 


0-0420 


0-2100 


0-0210 


0-0357 


0-6166 


1-1650 


0-0910 


0-2800 


0-0560 


Nil 


0-0350 


0-2410 


0-2001 


0-9196 


0-4770 


0-2800 


0-0560 




0-0360 


0-1493 


0-2600 


0-8460 


0-1756 


0-2800 


0-0700 




0-0420 


0-2947 


00396 


1-7570 


0-2366 


0-1400 


0-0600 




0-0280 


0-2370 


0-4627 


1-6370 


0-2425 


0-0560 


0-0420 




0-0280 


0-1816 


0-1822 


1-1660 


0-1815 


0-0140 


0-1400 




0-0140 


0-2426 


0-0548 


1-8806 


0-2415 


0-0140 


0-1400 




0-0350 


0-3666 


0-3413 


1-0840 


0-3623 


01736 


0-0582 


0-2100 


0-0210 


0-0618 


0-9054 


1-1828 


1-1050 


0-3500 


0-1050 


0-2800 


Nil 


0-4818 


1-0970 


1-5950 


0-2000 


\^ V V VJ v./ 

0-2800 


0-0350 


0-0262 




0-1703 


0-5665 


0-1986 


2-0760 


0-2100 


0-0420 


0-0210 


)) 


0-1166 


1-7780 


2-4400 


0-4748 


0-2800 


0-1050 


Nil 


0-0280 


0-1818 


0-9230 


1-5230 


0-1794 


0-0210 
0-2800 


0-1400 
0-1400 


0-2100 


0-0420 
0-0210 


0-3578 
0-0981 


0-4000 
0-1968 


1-8620 
0-7500 


0-3586 
0-2760 


0-2800 


0-0280 


0-2100 


0-0140 


0-0903 


0-4498 


1-9425 


0-1105 


0-0840 


0-0490 


0-0140 


0-0350 


0-]325 


0-5966 


1-2853 


0-3376 


0-0252 


0-0840 


0-0420 


0-0280 


01161 


0-6621 


1-3990 


1-1670 


0-2100 


0-0280 


0-0210 


0-0280 


0-2336 


0-3773 


0-7260 


0-0560 


0-2800 


0-0560 


0-3500 


0-0420 


0-1580 


0-7003 


1-0400 


0-6510 


0-0140 


0-2100 


0-0140 


0-0128 


0-1903 


0-2214 


0-6418 


0-3952 


00210 


0-2100 


0-0182 


0-0280 


0-2351 


0-6871 


0-7911 


0-7624 


0-0140 


0-0420 


0-0140 


0-0210 


0-1480 


0-2977 


0-9201 


0-5899 


0-0210 


0-1400 


0-0210 


0-0280 


0-3623 


0-6965 


0-9431 


0-4631 


0-0210 


0-0280 


0-0182 


0-0252 


0-2545 


1-0738 


1-2991 


0-6953 


0-02 


10 


0-0420 


0-0210 


0-0182 


0-2953 


1-1630 


1-2600 


0-6673 



0-3387 

1-1900 

0-8625 

0-9818 

0-2587 

1-7305 

1-1915 

1-9176 

2-2761 

1-6294 

2-0956 

1-9387 

1-6416 

1-2217 

1-2284 

1-1960 

0-0668 

1-2640 

1-4300 

1-7470 

2-3400 ■ 

1-9640^ 

1-8700 

1-6690 

1-3160 

1-8400 

1-8650 

2-4650 

1-8120 

0-8441 

1-6160 

1-7150 

1-8350 

0-5852 

2-3666 

2-6690 

1-9730 

0-7420 

1-6660 

1-5672 

2-0630 

1-4400 

1-6526 

0-8778 

1-4048 
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Table 6. — (continued). 





Kitrogen as Kitrite in 


Nitrogen u Nitrate in 


Date. 


Crude sewage. 


Ooke-beds of Series A. 


Coke-beds of Series B. 


Crude 
sewage. 


Ooke-beds of Series A 


Ooke-beds of Series B. 




Primary 


Secondary 


Primary 


Secondary 


Primary 


Secondary 


Primary 


Secondary 
. Kne Bei 






Coarse Bed 


Coarae Bed 


Coarse Bud 


ITiiie Bed. 

1 




Coarse Bed 


Coarse Bee 


1. Coarse Bed 


1899. 






















Oct. 2 


Nil. 


0-2100 


0-0560 


0-1820 


0-0182 


0-2431 


1-0343 


1-5156 


1-0412 


0-6947 


3 


)) 


0-1680 


0-0420 


0-5600 


0-0140 


0-3503 


1-9750 


2-6961 


0-9251 


2-6524 


4 


}} 


0-1400 


0-1120 


0-2100 


0-0210 


0-3499 


2-2200 


2-3530 


0-3931 


2-0846 


5 


JJ 


0-1400 


0-0210 


0-1260 


0-0210 


0-2063 


1-3352 


1-0798 


2-3817 


1-4421 


6 


;} 


0-1400 


0-0210 


0-0820 


Nil 


0-4218 


2-1900 


2-2350 


2-1775 


2-2500 


7 


J) 


0-0210 


0-2800 


0-0210 


0-0280 


0-3691 


0-7216 


0-9792 


0-4841 


1-5577 


13 


]) 


0-1400 


0-0210 


0-2100 


00140 


0-2441 


1-4467 


2-1194 


0-8775 


1-1940 


14 


)) 


0-0182 


0-7000 


Nil 


0-0210 


0-2317 


1-8474 


1-7881 


0-8274 


1-0501 


16 


)) 


0-0420 


0-0280 


0-0350 


Nil 


0-2978 


1-2051 


1-8431 


1-3311 


1-5583 


17 


)) 


0-0630 


0-0280 


0-1400 


0-0140 


0-3559 


1-1960 


0-9313 


1-1892 


0-9594 


18 


)j 


00210 


0-0420 


0-0560 


0-0140 


0-1810 


0-2205 


0-7604 


0-2456 


1-7178 


19 


)) 


0-1120 


0-0280 


0-0840 


0-0140 


0-2046 


0-2530 


1-0307 


0-1188 


3-0485 


20 


)) 


0-1400 


0-0210 


0-1120 


0-0182 


0-2270 


0-1693 


0-9627 


0-4228 


2-8098 


21 


)} 


0-0140 


0-1400 


0-0140 


0-0360 


0-2263 


0-2289 


0-5936 


0-2289 


1-8477 


23 


J) 


0-0210 


0-0420 


0-0140 


0-0210 


0-2.399 


0-4106 


0-7126 


0-2955 


1-6935 


24 


)J 


0-0210 


0-0280 


0-0210 


0-0280 


0-2421 


0-3438 


0-8054 


0-2760 


2-1342 


25 


J» 


0-0140 


0-0700 


0-0210 


00360 


0-0847 


0-2280 


0-8907 


0-2282 


2-3750 


26 


)» 


0-1820 


0-0280 


0-0182 


0-0420 


0-1070 


0-2196 


0-9457 


0-2834 


1-6642 


28 


J» 


0-0140 


0-0560 


0-0140 


00350 


0-0799 


0-1653 


0-3533 


0-2135 


0-9708 


30 


)) 


0-0850 


0-0140 


0-0280 


0-0140 


0-0540 


0-5816 


1-2142 


0-0773 


1-5827 


31 


)) 


0-1120 


0-0140 


0-0210 


Nil 


0-0607 


0-0093 


0-4858 


0-1661 


1-6225 


IfoT. 1 


)) 


0-0280 


0-0182 


0-0660 


0-0140 


0-3073 


1-0840 


1-4178 


1-1350 


1-9972 


2 


J) 


0-0140 


0-0420 


0-0140 


0-0140 


0-1791 


0-2824 


1-4140 


0-1627 


1-5766 


3 


)j 


0-1820 


0-0700 


0-0140 


Nil 


0-1199 


0-1613 


0-8537 


0-2941 


2-1005 


4 


JJ 


0-0210 


0-0280 


0-0840 


0-0140 


0-0623 


0-4766 


1-2141 


0-1023 


2-2298 


6 


0-280 


0-1400 


0-0210 


0-1120 


Nil 


0-4670 


1-1637 


1-9533 


0-7517 


2-2690 


7 


Nil 


0-1400 


0-0280 


0-1400 


0-0140 


0-0593 


0-6695 


1-3960 


0-4718 


2-0730 


8 


)) 


0-1400 


0-0280 


0-1400 


Nil 


0-0585 


0-5250 


1-2161 


0-2343 


1-7410 


9 


J) 


0-2100 


0-0660 


0-1400 


0-0182 


0-2452 


0-1681 


0-9638 


0-1661 


1-6943 


10 


)) 


0-2100 


0-0420 


0-2800 


Nil 


0-1215 


0-5209 


1-7887 


0-3290 


1-7000 


13 


n 


0-1400 


0-0280 


0-1400 


0-0210 


00603 


0-5974 


1-4260 


0-6656 


2-3280 


14 


)) 


0-2100 


0-0420 


0-2100 


0-0280 


0-1246 


0-1531 


1-6210 


0-4025 


1-8100 


15 


)) 


0-2100 


0-0350 


0-1400 


0-0210 


0-1837 


0-1610 


1-2037 


0-3513 


2-4100 


16 


)) 


0-2100 


0-0350 


0-2100 


0-0210 


0-2240 


0-0140 


0-6250 


0-1666 


1-9890 


17 


)> 


0-2100 


0-0420 


0-1400 


0-0560 


0-0549 


0-1675 


0-9620 


0-0458 


1-5620 


18 


J) 


0-0560 


0-1400 


0-0280 


0-0560 


Trace 


0-2165 


0-7337 


0-1670 


1-6520 


20 


)) 


0-2800 


0-0420 


0-2800 


0-0280 


00596 


0-1738 


1-3190 


0-1469 


2-8720 


21 


)» 


0-2100 


0-0420 


0-2100 


0-0210 


0-1212 


0-5291 


1-2992 


0-0338 


2-6660 


■-^""22 


)» 


G-0420 


0-0560 


0-0840 


0-0420 


0-0579 


0-1036 


1-0973 


00616 


2-3630 


23 


)) 


0-0700 


0-0420 


0-0280 


0-1400 


0-1813 


0-5311 


1-1513 


0-2466 


1-9016 


24 


5) 


0-0560 


0-0420 


0-0420 


0-1400 


0-1829 


0-2520 


0-8115 


0-2545 


1-6421 


25 


00140 


0-0560 


0-1680 


0-0280 


0-0560 


0-0448 


0-1792 


0-2734 


01754 


1-1978 


27 


Nil 


0-0210 


0-0420 


0-0140 


0-0420 


0-0605 


0-0700 


0'8155 


0-0485. 


0-9348 


28 


») 


0-1190 


0-0490 


0-0252 


0-0560 


0-1168 


0-0066 


1-3603 


0-1023 


0-0721 


29 


0-0140 


0-0280 


0-0378 


0-0182 


0-0378 


0-0472 


0-1132 


1-3684 


0-1043 


0-2153 


30 


00140 


0-1820 


0-0280 


00322 


0-0322 


0-0466 


Lost 


1-3570 


0-1184 


1-5303 


Dec. 1 


Nil 


0-0700 


0-0840 


0-0140 


0-0350 


0-1203 


0-7335 


0-6685 


0-1090 


1-9S17 


2 


JJ 


0-0280 


0-2100 


0-0210 


0-0700 


0-1202 


0-2118 


0-6193 


0-1601 


1-6080 


4 


0-0280 


0-2100 


0-0280 


0-0280 


0-0280 


0-2138 


0-2211 


1-4407 


0-2188 


J- \Jt70\/ 

2-0555 


5 


Nil 


0-2100 


0-0840 


0-0210 


00420 


Nil 


0-2878 


1-1028 


0-1604 


fcJ \JOOtJ 

2-4463 


7 


)) 


0-0210 


0-0280 


0-0140 


0-0210 


01198 


0-1588 


0-4693 


0-2930 


0-8491 


8 


J) 


0-0280 


0-0210 


0-0210 


00140 


0-2420 


0-5795 


1-2983 


0-2210 


l-fiT^fi 


9 


1» 


0-0420 


0-1400 


0-3500 


0-0210 


Trace 


0-1980 


0-7150 


0-0116 


J- \J±0\J 

l-.'i8fi6 


11 


)) 


0-0140 


0-0210 


0-0420 


0-0420 


0-2379 


0-2965 


1-2190 


0-3304 


■L 00\J0 

1-5128 
1-8435 
1-3376 
1-2240 
0-8119 
0-5645 
1-3278 
1-2833 
1-1573 
0-2553 
10656 
1-2004 
1-2403 
1-2833 
1-2325 


12 


)) 


0-0280 


0-1400 


0-0420 


0-0210 


0-3688 


0-7131 


0-7201 


0-5714 


13 


)? 


0-0280 


0-0660 


0-0280 


0-0140 


0-1758 


0-1478 


0-5560 


01930 


14 


)» 


0-1400 


0-0280 


0-0280 


0-0210 


0-2450 


0-2192 


0-2312 


0-0912 


16 


)» 


0-0210 


0-0560 


0-0210 


00210 


0-0622 


0-1255 


0-3023 


0-2913 


16 


)) 


0-0210 


0-2100 


0-0210 


0-1400 


,0-2333 ' 


0-3916 


0-3881 


0-2258 


18 
19 
20 
21 
22 
27 
28 
29 
30 


)» 

J» 

0-6420 

Nil 
00560 

Nil 

J) 


0-1400 
0-1050 
0-0420 
0-0280 
0-0140 
0-0840 
0-0660 
0-0210 
0-0140 


0-0280 
0-1050 
0-2100 
0-1400 
0-0280 
0-0210 
0-0210 
0-0420 
0-1050 


0-1400 
0-0420 
0-0280 
0-0280 
0-0280 
0-0560 
0-0140 
0-0140 
0-0140 


0-0420 
0-0420 
0-0420 
0-0420 
Nil 
0-0210 
0-0140 
0-0280 
0-0420 


0-1196 
0-0595 
0-0606 
0-0173 
0-1001 
0-0612 
0-0571 
0-1129 
0-0611 


0-2203 
0-4968 
0-1401 
0-1523 
0-1868 
0-0360 
0-1224 
0-3213 
0-1266 


0-5663 
0-6138 
0-1228 
0-1627 
0-3335 
0-6992 
0-4473 
0-5370 
0-1303 


0-0390 
0-1998 
0-2123 
0-3317 
0-2113 
0-0475 
0-2210. 
0-2719 
0-1019 


Averages 


0-004 


0-0932 


0-0767 


0-0645 


0-0409 


0-1602 


0-4474 


0-9279 


0-3562 


1-5861 
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It is worthy oi note that after the beds had rested on Sundays an increased amount of nitrate 
■was found in the Monday effluent. There can be little doubt that this additional nitrate -was 
produced during the Sunday's rest, and was washed by the first effluent after the period of rest. 
This result was specially marked in the case of the secondary beds. 



Table 6. — Kumbeb . of times the Coke-beds op Series A ane B wbee filled each day, and the amount 
OF Oxygen absorbed by the Crude Sewagk and by the corresponding Coke-bed Effluents. 







Numb 


sr of grains of oxygen absorbed from permanganate 




Number of 




in four hours by one gallon of 






Effluent from series A. 


Effluent from series B. 


Date, 1899. 


times filled 
daily. 










Crude sewage. 
















Primary 


Secondary 


Primary 


Secondary 








coarse bed. 


coarse bed. 


coarse bed. , 


fine bed. 


Jrdy4th 


Once 


4-712 


2-971 


1-827 


2-692 


0-769 


„ 5th 


,, 


4-615 


3-269 


1-827 


2-596 


0-865 




6th 


,, 


3-846 


2-885 


1-781 


2-500 


0-865 




7th 


?) ... ... 


4-135 


2-500 


1-731 


2-692 


0-769 




8th 


f, ... ... 


3-942 


2-404 


1-635 


2-500 


0-672 




11th 


j; ... ... 


3-750 


3-077 


2-116 


2-212 


0-769 




12th 


), ... ... 


4-327 


2-971 


1-731 


3-269 


0-500 




13th 


jj ... ... 


4-327 


2-692 


1-635 


2-971 


0-672 




14th 


^, ... ... 


3-942 


2-971 


1-731 


3-077 


0-577 




I5th 


J, ... ... 


4-423 


2-596 


1-346 


2-692 


0-672 




17th 


,) ... ... 


4-190 


2-671 


1-714 


2-762 


0-762 




19th 




4-476 


2-857 


2-857 


2-952 


1-909 




21st 


jj ... ... 


3-714 


1-619 


0-857 


1-428 


0-857 




24th 


J) ... ... 


3-908 


2-285 


1-809 


2-476 


0-761 




26th 




3-789 


1-684 


1-684 


2-526 


0-438 




28th 





4-210 


2-315 


1-263 


2-241 


0-438 




31st 




4-742 


2-680 


1-753 


2-887 


0-825 


August 2nd 
.. 4th ... 


jj ... ... 


3-918 


2-268 


1-649 


2-474 


0-722 




4-330 


2-680 


1-856 


2680 


0-825 




„ 9th ... 




3-196 


2-577 


1-237 


2-577 


0-825 




„ 11th ... 




3-228 


2-187 


1-237 


1-666 


0-833 




„ 14th ... 




4-700 


2-800 


1-500 


2-600 


0-700 




„ 16th ... 




4100 


2-800 


1-900 


2-800 


0-800 




„ 18th ... 




3-600 


2-000 


2-300 


2-100 


0-800 




„ 21st ... 


], ... ... 


4-791 


2-400 


1-562 


2-500 


0-937 




„ 23rd ... 


)) * ' • ' ** 


4-583 


2-604 


1-354 


2-604 


1-041 




„ 25th ... 


)5 ... ... 


4-791 


2-500 


1-458 


2-291 


1146 




„ 28th ... 


)) ..» a.. 


2-688 


2-043 


1-387 


2-150 


0-968 




snth ... 


)5 , * * " ' " 


3-978 


2-258 


1-387 


2-043 


0-860 


Septemher Ist... 
4th,.. 


J) ... .»• 
J) ... ... 


4-387 
4-842 


2-427 
1-474 


2-142 
0-737 


1-436 
2-526 


1-020 
0-947 


" 6th!.. 


J) ... •-• 


4-687 


2-812 


1-875 


2-708 


0-937 


" 8th... 


)I •" ■'• 


4-787 


1-809 


1-596 


2-653 


0-967 


", 11th... 


,, 


4-105 


2-842 


1-684 


2-421 


0-947 


„ 13th... 


)J ... ... 


5-263 


2-421 


1-474 


2-526 


0-947 


' 15th... 


)) ... . .. 


4-255 


2-340 


1-489 


2-234 


0-746 


18th... 


„ ... ... 


4-680 


2-659 


1170 


2-234 


0-851 


21st... 


„ 


4-680 


3-085 


1-255 


2-125 


1-170 


22nd... 


J, 


4-255 


1-595 


1-276 


1-702 


0-744 


23rd!.. 


,, ... 


4-042 


1-595 


1-489 


1-489 


0-851 


a.^fh 


„ 


4-361 


2-659 


1-808 


2-659 


0-744. 


26th... 


,, 


4-255 


2-453 


1-489 


2-125 


0-957 


27th 


,, 


4-680 


3-085 


1-914 


2-659 


1-255- 




,j 


4-479 


2-708 


1-770 


2-604 


1-250 


29th... 
Octoher 2nd ... 


» 


4-583 


2-916 


1-770 


2-812 


1-458 


,, ... 

„ 


4-895 
4-631 


3-541 
1-786 


1-979 
1-489 


3-854 
2-812 


0-833 
0-947 




4th ... 

6th ... 

6th ... 

7th ... 
„ 13th ... 
„ 14th ... 
„ 16th ... 
„ 17th ... 
„ 18th ... 
„ 19th ... 


,, 


4-315 


2-812 


1-894 


3-368 


1-263 




„ 


4-631 


2-659 


1-474 


2-812 


1-157 




)) 


4-631 


2-526 


1-489 


2-000 


0-947 




„ 


3-568 


2-421 


1-894 


2-812 


0-842- 




»J 


4-903 


2-500 


1-634 


3-076 


1-153 




„ ... •«• 


4-903 


2-798 


2-692 


2-980 


0-865 




,, ... ••• 


3-173 


1-923 


1-346 


1-538 


0-961 




,, ... ... 


4-615 


2-403 


1-826 


2-596 


0-961 




» 


4-444 


2-500 


1-730 


2-403 


1153 




)J ... ••• 
„ ... ••• 


4-653 


1-684 


0-990 


2-277 


0-990 



24 



Table 6. — (continued). 



Date, 1899. 



October 20th . 

21st . 

23rd . 

24tli . 

25tli . 

26tli . 

28th . 

30th . 

31st . 
November 1st . 
2nd , 



Number of 

times filled 

daily. 





3rd ... 




4th ... 




6th ... 
7th ... 
8th ... 




9th ... 




10th ... 




13th ... 




14th ... 




15th ... 


}) 


16th ... 


)I 


17th ... 




18th ... 




20th ... 


JJ 


21st ... 




22nd... 




23rd ... 




24th ... 




25th ... 




27th ... 




28th ... 




29th ... 




30th ... 


eml 


jer 1st ... 


)» 


2nd... 




4th ... 


;) 


6th ... 




7th.. 




8th .. 




9th .. 




11th .. 




12th .. 




13th .. 




14th .. 




15th „ 




16th .. 




18th .. 




19th .. 




20th .. 




21st .. 




22nd .. 




27th .. 




28th .. 




29th .. 




30th .. 



Once 



Twice . 



Number of grains of oxygen absorbed from permanganate in 4 hours by 

one gallon ol — 



Crude sewage, 



Averages 



3-861 

4-059 

4-215 

4-313 

4-411 

4-411 

3-235 

2-843 

4-803 

4-509 

5-294 

4-313 

1-764 

2-156 

3-431 

2-941 

4-216 

2-843 

2-745 

4-803 

4-000 

4-400 

4-900 

4-100 

4-400 

4-117 

4-607 

4-215 

5-000 

4-059 

4-950 

7-100 

5-500 

4-500 

4-900 

4-100 

5-000 

6-100 

4-653 

5-148 

4-300 

4-500 

6100 

5-100 

4-800 

4-100 

4-700 

4-300 

4-300 

5-300 

3-500 

5-600 

4-700 

4-500 

4-900 

3-200 



4-314 



Effluent from series A. 



Primary 
course bed. 



2-178 

1-881 

2-745 

2-549 

2-549 

2-156 

1-764 

1-470 

2-352 

1-961 

2-843 

2-745 

1-274 

1-176 

1-860 

1-570 

2-264 

1-863 

1-667 

2-745 

2-300 

2-700 

2-600 

3-400 

2-500 

2-352 

2-745 

2-254 

2-156 

2-277 

3-366 

1-500 

3-200 

2-200 

1-600 

2-200 

3-000 

3-000 

2-574 

2-178 

2-600 

2-400 

2-800 

2-700 

2-500 

1-900 

3100 

2-100 

1-300 

2-900 

2-800 

2-800 

3-300 

2-400 

2-500 

2-200 



2-422 



Secondary 
coarse bed. 



1-287 

1-386 

1-764 

1-470 

1-764 

1-078 

1-372 

0-892 

1-372 

1-176 

1-764 

1-570 

0-882 

0-784 

1-176 

1-372 - 

1-470 

1-078 

1-078 

1-372 

1-800 

1-300 

1-600 

1-800 

1-900 

1-568 

1-667 

1-372 

2-058 

1-386 

2-376 

1-600 

1-900 

1-700 

1-800 

1-700 

2-000 

1-900 

1-683 

1-584 

1-700 

1-700 

2-000 

1-800 

1-800 

1-700 

1-600 

1-700 

1-300 

2-000 

1-900 

2-100 

1-700 

1-800 

2-000 

1-600 



1-616 



Effluent from series B. 



Primary 
coarse bed. 



1584 

2-574 

2-352 

2-549 

2-451 

2-647 

2-254 

1-274 

2-156 

2-254 

2-352 

1-961 

1-078 

1-078 

1-764 

1-078 

2-156 

1-667 

1-470 

2156 

2-100 

2-200 

2-300 

2-600 

2-400 

2-745 

2-549 

2-254 

2-549 

2-277 

3-366 

2-500 

3-400 

2-800 

2-700 

2-400 

2-900 

3-100 

2-772 

2-178 

2-300 

1-800 

2-600 

2-600 

2-600 

2-800 

2-700 

2-100 

2-200 

3-000 

2-600 

3-100 

2-700 

2-400 

3-400 

2-100 



2-424 



Secondary 
fine bed. 



0-792 

0-990 

0-980 

1-078 

0-980 

0-980 

0-784 

0-688 

0-882 

0-882 

0-980 

0-882 

0-588 

0-666 

0-882 

0-588 

0-980 

0-686 

0-882 

1-078 

0-900 

1-100 

1-000 

0-900 

0-900 

0-882 

0-882 

1-274 

1-372 

1-089 

1-584 

1-300 

1-600 

1-200 

1-400 

1-300 

1-200 

1-600 

1-287 

1-386 

1-200 

1-300 

1-300 

1-200 

1-300 

1-600 

1-600 

1-400 

1-300 

1-700 

2-700 

1-600 

1-600 

1-200 

1-600 

1-000 



1-027 
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Tables 7. — Paeticulaes of the Teeatmint op Sedimented Chemical Eeflqent in the 

One Ace'e Coke-Bed. 



Date, 
1898. 



Sewage chemically treated and sedimented 
as supplied to the coke-bed. 



Oxygen absorbed 

from permanganate 

in four hours. 



By tbe total 

ozidiuble 

matter. 



By the 
dissolved 
ozidisable 

matter. 



Nitrogen as 



Nitrite. 



Nitrate. 



Coke-bed effluent. 



Oxygen absorbed 

from permanganate 

in four hours. 



By the total 

ozidisahle 

matter. 



By the 
dissolved 
oxidisable 

matter. 



Nitrogen as 



Nitrite. 



Nitrate. 



Quantity 
treated. 

Gallons. 



18y8. 

May 12 

„ 13 

„ 14 

„ 16 

„ 17 

„ 18 

„ 19 

„ 20 

„ 2] 

„ 23 

„ 25 

„ 26 

„ 27 

„ 28 

„ 31 
1 



June 






July 



2 

3 

4 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

27 

28 

29 

30 

1 

2 

4 



„ 6 

., 7 

„ 8 

., 9 

„ 11 

., 12 

i, 13 

» 14 

.. 15 






O 



ra 



a 



2-871 
4-700 
4-100 
2-500 
2100 
2-300 
2-700 
3-000 
3-300 
2-100 



2-600 
2-500 
2-500 
2-200 
2-800 
3-600 
2-800 
2-900 
3-000 
2-200 
2-900 
3-800 
3-700 
3-100 
2-400 
2-000 
2-300 
2-500 
2-900 
2-800 
2-600 
1-800 
2-500 
2-500 
2-800 
2-300 
2-300 
1-600 
2-200 

3-000 

2-800 

3-100 

3-000 



3-500 
3-500 
3-600 
3-400 
3-200 



Nil 



0-0029 
0-0017 
0-0059 



0-0170 

0-0115 

0-0173 

Nil 

o-oi'is 

Nil 



0-0217 
0-0115 
0-0173 
0-0115 

Nil 



0-0115 

0-0404 
Nil 



)) 


i 


») 


<0 








,Q 






)» 


.s 




r^ 








M 


)) 


o 








c3 








o 




-*3 




ta 




r^ 


)) 










tlD 


0-0461 


g 




QQ 




cJ 


Nil 


ra 




U 




y 




<0 




^ 




o 




!^5 


0-0173 




Nil 




0-0230 




0-0173 




Nil 





0-564 
0-844 
0-917 
0-531 
0-469 
0-469 
0-669 
0-520 
0-630 
0-480 



0-480 
0-460 
0-470 
0-480 
0-470 
0-690 
0-540 
0-500 
0-471 
0-412 
0-519 
0-577 
0-663 
0-620 
0-490 
0-460 
0-510 
0-578 
0-520 
0-519 
0-500 
0-462 
0-481 
0-425 
0-453 
0-442 
0-463 
0-505 
0-432 

0-545 

0-596 

0-667 

0-657 



0-634 
0-683 
0-677 
0-635 
0-667 



0-0280 
0-1050 
0-0140 



0-0210 

0-0140 

0-0182 

0-0210 

0-0140 

0-0140 

0-0182 

0-0210 

0-0210 

0-0210 

0-0140 

0-0252 

00280 

0-0322 

0-0182 

00350 

0-0420 

0-0280 

0-0280 

0-0210 

0-0182 

0-0210 

0-0210 

0-0210 

0-0182 

0-0210 

0-0210 

0-0378 

0-0210 

0-0518 

0-0182 

0-0140 

0-0148 



0-0182 
0-0322 
0-0252 
0-0196 
0-0210 



0-0873 

Nil 
0-2166 



0-0943 

0-0780 

0-0971 

0-1058 

0-1013 

0-1186 

0-1086 

0-1116 

00943 

0-2096 

0-2570 

0-2342 

0-1450 

0-0716 

0-0738 

0-0976 

0-1136 

0-1161 

0-0758 

0-0943 

0-1374 

0-0712 

0-0655 

0-0655 

0-1893 

0-1002 

0-1231 

0-0948 

0-0943 

0-0922 

0-0692 

0-0494 

0-0601 



0-0798 
0-1350 
0-1477 
0-0957 
0-0193 



818,680 

743,.^41 

717,669 

748,903 

705,782 

732,699 

702,605 

719,532 

695,500 

695,500 

749,000 

695,500 

722,250 

722,250 

749,000 

722,250 

703,161 

722,250 

722,250 

728,274 

7-22,250 

712,205 

722,250 

722,250 

695,500 

722,250 

678,048 

678,048 

668,750 

668,750 

678,048 

695,500 

668,750 

668,750 

642,000 

605,553 

642,000 

668,750 

642,000 

642,000 

642,000 

642,000 

642,000 

652,700 

642,000 

647,350 

642,000 

642,000 

631,300 

628,658 

636,650 

642,000 

625,950 

642,000 

502,900 

486,850 

466,667 

540,350 

460,287 

632,177 

588,500 

599,200 

588,500 

622,800 

593,850 

[4] 
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Table 7 — (continued). 







Sewage chemically 


treated and 


sedimented 




Coke-bed effluent. 








9,te. 


as supplied 


to the coke-bed. 










Quantity 


D 


Oxygen absorbed 






Oxygen 


absorbed 






treated. 


1898.' 


from permanganate 


Nitrogen as 


from permanganate 


Nitrogen as 


Gallons. 






in four hours. 






in four hours. 








By the total 

t oxidisxble 

matter. 


By the 
disBolved 
oxidisable 

matter. 


Nitrite. 


Nitrate. 


By the total 

ozldlBable 

matter. 


By the 
dissolved 
oxidisable 

matter. 


Nitrite. 


Nitrate. 


i ■ « 


1898. 




















July 16 




2-200 


Nil 


Nil 




0-633 


Trace 


Nil 


615,250 






















604,550 


» 


18 




1-700 


)) 


)> 




0-571 


0-0322 


0-0139 


615,250 
587,330 


)) 


19 




3000 


JJ 


JJ 




0-663 


0-0350- 


0-0226 


.649,640 
369,919 


)i 


20 




2-500 


)J 


)) 




0-633 


0-0238 


0-0742 


406,600 
620,326 


)> 


21 




2-700 


)1 


J> 




0-633 


0-0182 


0-0740 


609,900 
596,285 


)) 


22 




2-276 


)J 


JJ 




0-630 


0-0233 


0-0611 


612,755 
571,982 


») 


23 




2-178 


» 


15 




0-540 


0-0168 


0-0524 


687,642 
556,400 


>j 


25 




3-069 


J» 


0-0173 




0-670 


0-0238 


0-0086 


588,500 
569,106 


)? 


26 




3-960 


» 


Nil 




0-720 


0-0210 


00230 


561,750 
540,671 


5) 


27 




2-475 


J) 


)) 




0-680 


00210 


0-0346 


602,710 
552,033 


» 


28 




2-574 


)) 


0-0115 




0-600 


00168 


0-0230 


572,450 
535,000 


?> 


29 




3-366 


» 


Nil 




0-570 


0-0168 


0-1326 


572,450 


Nov. 


8 


4-950 


3-663 


Nil 


0-0987 


1-089 


0-649 


0-1190 


1-8129* 


508,250 
469,101 


J» 


9 


4-950 


•f .3-762 


H 


0-2006 


1-089 


0-505 


0-1190 


0-8697 


642,000 


)) 


10 


4-950 


3-366 


T> 


0-1312 


0-990 


0-567 


0-0700 


0-7211 


561,750 


>> 


11 


7-921 


3010 


J) 


0-0969 


0-693 


0-557 


0-0560 


0-5171 


696,500 


» 


12 


4-950 


3-366 


» 


0-1444 


1-089 


0-557 


0-0840 


0-2729 


668,750 


)> 


14 


3-960 


3-564 


)J 


0-0075 


0-990 


0-569 


0-0182 


0-7212 


722,250 


J> 


15 


4-950 


3-960 


?) 


0-0431 


1-089 


0-539 


0-0182 


0-6555 


668,750 


JJ 


16 


4-950 


3-663 


?» 


0-0937 


0-990 


0-539 


0-0210 


0-5962 


668,750 


J> 


17 


3-960 


3-465 


i1 


0-1131 ■ 


0-990 


0-577 


Trace 


0-6562 


668,750 


?? 


18 


4-950 


3-456 


»» 


0-0525 


0-891 


0-547 


Trace 


0-4025 


676,130 


'> 


19 


6-000 


3-500 


5J 


0-2437 


1-300 


0-629 


00160 


0-2877 


668,750 


J> 


21 


5-000 


4-000 


» 


0-0700 


1-200 


0-581 


0-0140 


0-7110 


695,500 


M 


22 


7-000 


5-300 


0-0490 


00829 


1-200 


0-619 


0-0140 


0-8385 


652,700 
625,950 


J» 


23 


7-000 


6-200 


Trace 


0-1094 


0-700 


0-619 


0-0140 


0-4347 


642,003 
636,650 


») 


24 


7-000 


5-000 


Nil 


0-0244 


1-500 


0-707 


0-0182 


0-3687 


631,300 
597,562 


» 


25 


6-000 


3-500 


0-0350 


Lost 


1-200 


0-535 


0-0180 


0-1937 


615,250 
674,100 


)1 


26 


3-000 


2-400 


Nil 


0-0375 


0-900 


0-510 


0-0140 


0-4754 


636,650 
636,650 


» 


28 


5-000 


3-900 


:> 


0-0687 


1-000 


0-570 


0-0238 


0-5549 


631,300 
663,400 


>J 


29 


5-000 


3-900 


0-0350 


Nil 


0-800 


0-520 


0-0210 


0-7065 


615,250 
603,253 


Dec. 


30 
1 
2 


6-000 
6-000 
7-000 


4-000 
4-300 
5-100 


Nil 
Trace 


0-0237 
0-0806 
0-0319 


1-100 , 
1-000 . 
1-100 


0-627 
0-529 
0-559 


0-0210 
0-0140 
0-0182 


0-3396 
0-5672 
0-5593 


609,900. 
615,250 
688,618. 
655,228 


n 


3 
5 


6-000 
6-000 


3-600 
5-000 


Nil 


0-1362 


1-300 
1-300 


0-618 
0-702 


0-0350 
0-021O 


0-3394 


630,810 
574,927 
642,000 


)) 


6 


6-000 


5-300 


» 


0-1606 


1-200 


0-635 


0-021O 


0-6415 


608,964 
642,000 


)) 


7 


5-000 


3-400 


01190 


0-0841 


1-000 


0-529 


0-0252 


0-7494 


603,252 
574,797. 
580,488 



. * This large amount of nitrate, as compared with that found on July 29th, had probably been nroduced 
during the period of resting, and was washed out in the first effluent. proo^oiy oeen producea 
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Table 7 — (continue^). 




, 


■ 


Sewage chemically treated and sedimented 


Coke-bed effluent. 


" 




i. 


as supplied to the coke-bed. 


Quantity 


Date 


Oxygen absorbed 




Oxygen ^bgprbed _ . 1, 




'treated. 


189£ 


. . ^ 


irom pettfl&iffganate 


Nitrogen as from permanganate | 


Nitrogen as 


Gallons. 




' ] 


in fourhoupp. < 




in four -'hours.' • 


' i; •' r J - ■ 




B? the total .. 
«xidi»ble 
, matter. 


By the 

ozidisable 
matter. 


Nitrite. 


...... , By the total- - 

Nitrate. oxidisaUe 
,matterr 


By the 
disBoiTed 
oxidisable 

matter. 


Nitrite. 


Nitrate. 


1898. 
Dec. 8 


1 

6-000 


. ' — 

3-500 


0-6.300 


Nil 


1-100 


0-551 


0-0280 


0-6420 


574,797 


( 




















557,506 


/ „ 


9 


4-000 


3-800 


0-0560 


0-0221 


0-800 


0-551 


0-0210 


0-4690 


605,676 


I 




















524,300 




10 


, 4-000 


3-800 


Trace 


0-0656 


0-900 


0-622 


00280 


0-3420 


588,500 


») 




















583,150 




12 


6-000 


4-500 




0-0737 


. 0-900 


0-550 


0-0210 


0-7502 


588,500 


1? 












' 








540,350 




13 


6-000 


4-700 


0-0140 


Nil 


1-200 


0-640 


0-0238 


0-3468 


540,651 


■J) 


14 


4-000 


2-700 


0-0490 




0-700 


0-530 


0-0210 


0-4040 


569,106 


■?) 




















552,033 




15 


5-000 


4-300 


0-0420 




1-100 


0-620 


0-0238 


0-2199 


558,724 


7j 












' 








567,100 




16 


5000 


4-800 


0-0070 


0-0199 


1-100 


0-650 


0-0280 


0-1507 


572,450 


-»» 




















597,562 




17 


4-000 


3-700 


Nil 


0-0806 


2-300 


0-630 


0-0378 


0-1759 


557,555 


•j» 




















557,724 




19 


6-000 


4-700 


0-0112 


0-1363 


1-300 


0-690 


0-0280 


0-3395 


572,450 


■)» 




















572,450 


■») 


20 


6-000 


5-300 


0-0210 


0-1059 


1-200 


0-683 


0-0238 


0-3512 


545,700 
561,750 
551,050 




21 


6-000 


5-200 


0-0112 


0-1063 


1-200 


0-702 


0-0420 


0-1967 


-)) 












,. 








551,050 




22 


7-000 


5-100 


Trace 


0-6375 


1-400 


0-712 


0-0182 


0-1462 


545,700 


■)) 




















545,700 




23 


6000 


5-400 


Nil 


0-0394 


1-300 


0-697 


0-0140 


0-1522 


545,700 


•)) 




















567,100 


■jj 


24 

28 


' 3-000 


2-900 


0-1400 


0-3062, 


1-000 


0-545 


0-0376 


11676 


524,300 
588,500 


■)? 


















535,000 


11 


29 


4-000 


3-800 


0-0700 


0-1362 


1-100 


0-545 


0-0182 


0-3093 


535,000 
635,000 


■») 


30 


3-000 


2-600 


0-0560 


0-0802 


2-000 


0-762 


0-0322 


0-2228 


545,700 
535,000 


■)> 


31 


6-000 


4-100 


Nil 


00231 


Lost 


0-663 


0-0182 


0-1143 


518,950 


1899 
Jan. 2 


6-880 


4-118 


0-1400 


NU 


1-473 


0-577 


0-0210 


0-5259 


569,764 
561,750 


■»» 


3 


6-860 


4-706 


0-0070 


0-0417 


1-276 


0-663 


0-0210 


0-5877 


649,416 
540,350 


■J) 


4 


7-000 


4-500 


Nil 


0-0337 


1-400 


0-635 


0-0420 


0-2011 


577,506 
551,050 


■)» 


5 


7-000 


4-600 


0-1190 


Nil 


1-400 


0-712 


0-1050 


0-0675 


668,114 
624,300 


5> 


6 


7-000 


4-600 


0-0240 


)) 


1-500 


0-683 


0-0700 


Nil 


551,050 
540,350 


71 


7 


6-000 


4-200 


Nil 


0-0344 


1-200 


0-606 


0-0910 


0-0969 


566,400 
^56,400 


11 


9 


10-000 


4-800 


0-0140 


0-1047 


1-300 


0-400 


0-0840 


0-0822 


688,500 
561,750 


11 


10 


6-000 


4-300 


0-0182 


0-0112 


1-300 


0-680 


0-0742 


0-1183 


540,350 
535,000 


11 
91 


11 
12 


4-000 
4-000 


2-500 
2-700 


0-1400 
0-1050 


Nil 


1-300 
1-000 


0-680 
0-610 


0-0350 
0-0210 


0-2606 
0-2190 


545,700 
561,750 
563,415 


91 


13 


3-000 


3-200 


0-2800 


» 


0-900 


0-580 


0-0560 


0-3084 


.569,106 
548,923 


1) 


14 


4-000 


2-700 


0-1050 




1-000 


0-560 


0-0420 


0-5275 


552,033 
557,724 


?1 


16 


4-000 


3-300 


0-3500 




1-000 


0-560 


0-0490 


0-6667 


591,871 
572,450 


!• 


17 


4-000 


3-600 


0-2100 


)» 


1-000 


0-570 


0-0420 


0-5380 


540,350 
561,750 




18 
19 


8-000 
6-000 


5-400 
4-100 


0-1050 
0-1190 




1-400 
1-200 


0-750 
0-654 


0-0280 
0-0420 


0-5451 
0-3811 


540,350 
621,224 
629,067 


11 


20 


6-000 


4-800 


0-0280 


)J 


1-300 


0-635 


0-0140 


0-2872 


537,206 
533,137 



28 



Table 7— '(continued). 



Date, 

1898. 



Sewage chemically treated and sedimented 
as supplied to the coke-bed. 



Oxygen absorbed 

from permanganate 

in four hours. 



Nitrogen as 



By the total 

ozidisable 

matter. 



By the 
dissolved 
oxidisable 

matter. 



Nitrite. 



Nitrate. 



Coke-bed effluent. 



Oxygen absorbed 

from permanganate 

in four hours. 



By the total 

oxidisable 

matter. 



By the 

dissolved 

ozidisable 

matter. 



Nitrogen as 



Nitrite. 



Nitrate. 



Quantity 
treated;, 

Gallons. 



1899. 
Jan. 21 

„ 23 

„ 24 

„ 25 

„ 26 



27 

28 

30 

31 

1 

2 

3 

4 

6 

7 

8 



Feb. 



9 
10 



r? 


11 


)) 


13 


» 


14 


)» 


15 


n 


16 


yy 


17 


» 


18 


)) 


20 


j> 


21 


jr 


22 




23 

24 


IT 


25 


)> 


27 


)? 


28 


March 6 


5? 


7 


?» 


8 



5-000 



2-600 

1-980 
3-366 
3-267 
3-900 

3-600 

3-100 

4-300 

5-100 

5-400 

5-600 

5-000 

4-500 

4-300 

3-800 

3-300 

1-400 
2-700 

2-900 

3-100 

3-800 

4-200 

3-900 

4-500 

4-200 

4-500 

5-000 

4-600 

2-400 
4-100 

3-800 

3-600 

4-000 

4-500 

6-500 

5-300 



Nil 

0-1610 
0-1330 
0-0280 
0-0140 

0-0210 

Nil 



0-0420 

0-0140 

Nil 



0-1050 

0-1260 

0-0910 

01750 
0-1400 

Nil 

00700 

Nil 
0-0140 
0-1400 
0-0280 

Nil 
0-0210 

Nil 

0-0140 

Trace 
00350 

Nil 
0-0420 
00140 
0-0110 
0-0070 

Nil 



Trace 

Nil 

0-0654 
0-0309 
0-1456 
Trace 
0-0767 
0-0422 
0-0437 
Trace 

j> 

Nil 

0-1052 

Nil 

1-0356 
0-0931 

0-0512 

Nil 

0-0162 

0-0285 

0-1062 

0-0914 

0-0531 

0-0652 

Trace 

00516 

0-0900 
0-0331 

0-1144 

0-0692 

0-0140 

00604 

0-0392 

0-1944 



1-100 



0-606 

0-413 
0-452 
0-442 
0-557 

0-546 

0-515 

0-660 

0-700 

0-800 

0-840 

0-800 

0-740 

0-680 

0-630 

0-693 

0-500 
0-592 

0-604 

0-653 

0-704 

0-690 

0-720 

0-710 

0-780 

0-680 

0-710 

0-770 

0-620 
0-660 

0-630 

0-610 

0-622 

0-690 

0-810 

0-800 



0-0420 

0-0322 

0-0280 

Trace 

0-0140 

0-0140 

0-0140 

0-0238 

0-0210 

0-0140 

0-0210 

0-0210 

0-0280 

0-0140 

0-0350 

0-02] 

0-0560 
0-0308 

0-0280 

0-0210 

0-0210 

0-0210 

0-0280 

0-0280 

0-0280 

00210 

0-0140 

0-0210 

0-0210 
0-0280 

0-0420 

0-0280 

0-0280 

0-0350 

0-0280 

0-0140 



0-5017 

0-8640 
0-5970 
0-5781 
0-2922 

0-1947 

0-7879 

0-1524 

0-1146 

0-0854 

0-1027 

00890 

0-1532 

0-2379 

0-1937 

0-0877 

0-5996 
0-2361 

00510 

0-3371 

0-3377 

0-3102 

0-2682 

0-2351 

0-0930 

0-2490 

0-1929 

0-0284 

Nil 

0-0080 
0-0900 
0-2038 
0-7168 
0-2651 
0-0866 



640,350 

551,050* 

561,750 

561,750< 

561,760 

529,650' 

661,750' 

535,000 

561,750' 

645,700 

529,067 

661,050' 

545,700 

540,350 ■ 

535,000 

535,000 

608,250 

563,419 

546,342 

557,554 

518,950 

635,000 

626,300 

551,050 

489,431 

629,660 

535,000 

602,900 

512,195 

518,950 

540,650 

544,639 

518,950 

527,a71 

507,280 

481,500 

497,235 

497,235 

511,772 

486,850 

492,200 

497,550 

518,950 

608,250 

508,260 

502,382 

624,300 

508,250 

540,350 

502,800 

635,000 

508,260 

492,200 

492,200 

497,550 

513,600 

518,950 

517,326 

508,250 

502,900 

518,950 

635,000 

508,250 

492,439 

513,600 

486,850 

508,250 
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Table '?'^(continued). 







Sewage chemically treated and sedimented 
as supplied to the coke-bed. 


Coke-bed e£3uent. 








A. 












Quantity 


Dat 


Oxygen absorbed 




Oxygen absorbed 






treated. 


1898- 1 


from permanganate 


Nitrogen as 


from permanganate 


Nitrogen as | 


Gallons. 






in four hours. 




in four hours. 








By the total 

ozidisible 

matter. 


By the 
dissolved 
ozidisable 

matter. 


Nitrite. 


Nitrate. 


By the total 

oxidieable 

matter. 


By the 
disBolved 
oxidisable 

matter. 


Nitrite. 


Nitrate. 




1899. 




















March 9 




5-600 


0-0280 


00370 




0-870 


0-0140 


0-1572 


486,860 






















481,500 




10 




4-400 


0-0280 


0-0857 




0-720 


0-0140 


Nil 


487,190 


f 




















492,200 




11 




3-100 


Nil 


0-1337 




0-660 


0-0140 


0-1510 


483,601 


May 


8 




2-885 


Nil 


0-1075 




0-798 


0-3600 


10-5910 


667,322 


9 




4-808 


0-0070 


0-1630 




0-879 


0-4200 


7-9369 


633,847 




10 




5-000 


Nil 


0-0450 




0-919 


0-2800 


4-2037 


642,000 




15 




2-115 


fj 


0-1712 




0-608 


0-0462 


4-3138 


616,250 


)) 


16 




3-664 




Nil 




0-500 


0-0700 


2-4769 


616,250 


5) 


17 




2-885 




0-1662 




0-476 


00350 


2-2525 


563,419 


» 


18 




3-010 




0-1162 




0-408 


0-0308 


1-4192 


" 549.415 


>» 


19 




4-423 


Trace 


Trace 




0-692 


0-0420 


1-4811 


663,419 


V 


20 


















563,419 


>J 


23 


















584,102 


JJ 


24 




2-981 


Nil 


0-1100 




0-624 


0-0280 


0-9670 


663,419 


)» 


25 




2-404 




01731 




0-486 


0-0238 


0-7087 


539,943 


5) 


26 




2-981 




0-1206 




0-467 


00280 


0-5276 


521,224 


?) 


27 




2-788 




0-0525 




0-506 


0-0350 


0-4500 


639,943 


)) 


29 




3-664 




0-1168 




0-476 


0-0280 


0-9957 


563,419 


)» 


30 




4-327 




0-1194 




0-514 


0-0462 


1-1925 


563,419 


)) 




















577,800 




31 




3-750 




Nil 




0-604 


0-0322 


0-6359 


639,943 


)T 




















644,639 


June 


1 




3-558 


)) 


00662 




0-684 


00280 


0-3826 


567,100 
639,943 




2 




3-077 




0-1125 




0-654 


0-0280 


0-6338 


567,100 


»j 








" 












549,334 




3 




2-788 




00187 




0-535 


0-0660 


0-6752 


572,450' 


>» 


O 






" 












616,468- 




5 




3-654 


0-0140 


0-0747 




0-554 


0-0210 


1-0666 


554,029 


!? 




















567,100 




fi 




3-173 


Nil 


0-0487 




0-510 


0-0210 


0-6646 


567,100- 


)> 


w 


















551,75a 




7 
8 




1-827 




0-0737 




0-451 


0-0182 


0-4049 


640,350 


») 




2-855 


)) 


0-1043 




0-510 


0-0210 


0-1459 


577,800 


» 






)J 












545,700 




9 




3077 




0-0676 




0-471 


Trace 


0-2376 


472,090 


)) 






J) 












567,100 


1) 


10 




2-404 


)J 


0-0618 




0-500 


0-0210 


0-3277 


649,334 
618,960 


)J 


12 




3-173 


0-0070 


0-1011 




0-490 


0-0182 


0-2780 


544,638 
529,650 


)> 


13 




3-269 


Nil 


0-0881 




0-500 


0-0238 


0-6830 


539,94a 
529,660 


>> 


14 




4-528 


» 


0-0681 




0-667 


0-0210 


0-3015 


539,943 
540.360 


)» 


15 




4-423 


)) 


0-0700 




0-725 


0-0420 


0-2517 


549,3.93 
640,350 


)) 


16 




4-134 


J) 


0-0262 




0-725 


00350 


0-1975 


530,553 
508,250 
611,772 


)> 


17 


















618,950 


» 


19 




4-423 


)) 


00900 




0-676 


00210 


0-7509 


516,468 
608,260 


)) 


20 




4-038 


0-0042 


0-0795 




0-689 


0-0350 


0-6212 


532,393 
508,250 


J) 


21 




4-528 


Nil 


0-1400 




0-621 


0-0210 


0-2127 


530,563 
497,560 


)» 


22 




2-788 


» 


0-0744 




0-621 


0-0210 


0-1165 


602,382 
497,550 








1-000 
3-173 




n-l!?94 




0-466 


0-0238 


0-2393 


527,371 


J) 


23 

24 




55 


0-0987 




0-641 


0-0350 


0-1075 


^ 508,250 
527,371 


)) 


26 




2-885 


J) 


01944 




0-600 


0-0238 


0-4149 


508,250 
527,371 


)1 


27 




3-269 


»» 


0-0862 




0-610 


0-0280 


0-3445 


492,200 
512,303 
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Table 7— Continued). 





j Sewage chemically treated an(J sedimented 


I Ooke-bed effluent. 








[ as suppliet . 


to the coke-bed. 
















-. — ■■- - 


- - 




Quantity 


■ Date, 


' Oxygen absorbed 




i Oxygen absorbed 


' 




treated. 


,1898, 


from permanganate 
in fojni hours 


Nitrogen as 


- from permanganate 
in four hours. 


Nitrogen as 


G-allona. 




T 

By the totftl 

' ozidisible 

matter. . 


■ By the 
, diasolved 
ozidisable 

matter. - 


Nitrite. 


Nitrate, 


By the total 
I oxidlsable 
1 matter. 


! By the 

|lisBOlTed 

pxidlsable 

matter. 


Nitrite. 


Nitrate. 




1899. 




















June 28 




8-558 


Nil. 


0*1075 




0-630 


0-0280 


0-6101 


481,500 
502,900 


„ 29 




3-269 


Trace 


:o-038i 




0-640 


0-0322 


0-4447 


508,250 




















561,050 


„ 30 




2-788 


Nil 


0-1606 




0-590 


0-0280 


0-3376 


497,650 
602,900 


July 1 




2019 


JJ 


0-1337 




0-5.30 


00378 


0-5684 


481,500 
508,250 


„ 3 




3-365 


JV 


0-0994 




0-520 


0-02.38 


0-6343 


535,000 
518,960 


„ 4 




3-846 


)> 


0-0537 




0-529 


0-0280 


0-5170 


508,250 
508,250 


„ 5 




3-558 


)» 


0-0862 




0-559 


00280 


0-3901 


486,850 
508,250 


6 




1-635 


)» 


i01137 




0-451 


Trace 


0-2843 


486,850 


„ 7 




2-308 


»J 


-0-0562 




0-539 


00378 


01865 


527,371 
607,077 


„ 8 




1-837 


>» 


0-1034 




p-471 


0-0308 


0-1804 


497,550 
486,850 


„ 10 




2-212 


)» 


,0-0650 




0-500 


0-0280 


0-5657 


627,371 
447,672 


„ 11 




2-971 


)) 


0-0331 




0-622 


0-0238 


0-1331 


497,550 
486,850 
627,371 


„ 12 




3-269 


») 


0-1037 




0-674 


0-0350 


0-2437 




















481,600 


„ 13 




2-971 


?7 


0-1012 




0-643 


00350 


0-2100 


507,281 
481,500 


„ 14 




2-788 


)) 


01387 




0-582 


Nil 


0-2331 


497,550 
451,742 


„ 15 




2-596 


») 


p-0337 




0-674 


0-0448 


0-2064 


.496,409 
508,250 
492,992 
481,500 
492,992 


„ 17 




3-048 


n 


0-2200 




0-581 


0-0252 


0-5668 


„ 18 




2-962 


ji 


0-0787 




0-612 


0-0280 


0-5890 


„ 19 




2-962 


»? 


Trace 




0-581 


0-0350 


1-8051 


492,200 
488.297 


„ 20 




2-761 


1) 


j» 




0-561 


0-0280 


0-0980 


613,600 
497,650 


„ 21 




2-381 


tf 


)) 




0-551 


0-0210 


0-0984 


497,550 
486,850 


„ 22 




1-619 


)i 


0-0772 




0-490 


0-0238 


0-1116 


502,900 
492,200 
636,000 


,, 24 




2-380 


)> 


0-1758 




0-514 


0-0210 


0-4592 


„ 25 




3-238 


H 


0-2491 




0-476 


0-0210 


0-2823 


618,950 
508,250 


„ 26 




3-052 


)) 


0-1807 




0-609 


0-0210 


0-1620 


486,850 
481,500 


„ 27 




3-052 


5» 


0-1882 




0-580 


0-0252 


0-4280 


481,500 
502,900 


„ 28 




2-631 


)» 


Q-1206 




0-628 


0-0262 


0-3384 


447,010 
455,811 


„ 29 




Lost 


)» 


0-2930 


' 


0-636 


0-C210 


0-3370 


446,040 
502,258 


„ 31 




3093 


)) 


q-1791 




0-555 


0-0210 


0-2208 


422,564 
492,213 


4-tig. 1 




3-505 


; » 


Q-1796 




0-572 


0-0182 


0-3408 


446,040 
399,605 


„ 2 




2-268 


5) 


0-2346 




0-570 


0-0210 


0-3321 


377,229 
416,979 


„ 3 




3-402 


)) 


0-2392 




0-580 


0-0210 


0-3951 


508,250 
481,500 


„ 4 




3-605 


)» 


0-1297 




0-680 


0-0128 


0-2883 


470,800 
481,500 


5 












': 






1 -464,750 






1-702 


J) 


Q-1785 




0-534 


0-0210 


0-2466 


481,500 

i -444,060 

470,800 
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Table 7 — (continued'). 





Sewage chemically treated and sedimented 
as supplied to the coke-bed. 


Coke-bed effluent. 








t*. 












Quantity- 


Date, 


Oxygen absorbed 






Oxygen absorbed 






treated. 


1898. 


from permanganate 


Nitrog* 


3nas 


Irom permanganate 


Nitrogen as | 


Gallons. 




in four hours. 






in four hours. 








By the total 

oxidisable 

matter. 


By the 
dissolTed 
oxidisable 

matter. 


Nitrite. 


Nitrate. 


By the total 

ojodiMible 

matter. 


By the 
aisaolTed 
oxidisable 

matter. 


Nitrite. 


Nitrate. 


i 

t 


1899. 


















« 


Aug. 9 




2-062 


Nil. 


0-1477 




0-485 


0-0140 


0-2827 


465,450 
466,450 


„ 10 




2-371 




0-2416 




0-485 


00210 


0-9540 


470,800 


71 


















454,750 


» 11 




2-500 




0-3016 




0-566 


0-0182 


0-4639 


' 465,450 


77 


















,454,760 


,, 12 




2-500 




0-2378 




0-639 


0-0252 


0-3377 


470,800 


1) 


















455,285 


,, 14 




2-700 




0-2366 




0-601 


0-0210 


0-2310 


422,564 


}f 


















454,760 


„ 15 




2-900 




0-3696 




0-692 


0-0210 


0-5131 


422,564 


V •^•^ 


















454,750 


„ 16 




2-900 




0-0705 




0-563 


00210 


0-4603 


422,664 
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,492,200 


„ 17 




2-500 




0-1] 86 




0-633 


0-0182 


0-2235 


■ 422,564 


?> ' 


















454,750 


18 




2-400 




0-1201 




0-524 


0-0182 


0-2836 


417,869 


jj J.W 


















460,100 


19 




1-700 




0-3603 




0-512 


00238 


0-5799 


427,269 


" 21 




2-083 




0-1790 




0-500 


0-0210 


0-3167 


608,250 


» ■"■' 


















422,564 


22 




2-500 




0-2986 




0-521 


0-0210 


0-5723 


470,800 


» ^^ 


















454,760 


23 




2-916 




0-1068 




0-521 


0-0210 


0-3418 


464,750 


» "" 


















460,100 


24 




2-395 




0-3582 




0-574 


0-0140 


0-5841 


481,500 


„ ira 


















460,100 


„ 25 




2-812 




0-3058 




0-680 


0-0128 


0-5847 


406,975 
460,100 


26 




2-500 




0-4112 




0-667 


0-0262 


0-7454 


406,975 


„ iiO 


















427,260 


„ 28 




3-226 




0-2351 




0-694 


0-0140 


0-3503 


481,500 
454,750 


„ 29 




3-215 




0-3611 




0-625 


0-0210 


0-6769 


454,750 
454,750 


„ 30 




2-796 




0-0850 




0-583 


00140 


0-2876 


454,750 
454,750 


„ 31 




2-688 




0-2398 




0-427 


0-0210 


0-4607 


481,600 
454,750 


Sept. 1 


' 


4-285 




0-0620 




0-670 


0-0140 


0-2258 


422,564 
454,750 


» 2 

„ 4 




2-526 




0-2406 




0-680 


0-0210 


0-4615 


454,750 




2-211 




0-4737 




0-503 


0-0140 


■ 0-6966 


481,500 
454,750 


„ 5 




2-812 




0-3551 




0-506 


0-0140 


0-5791 


'470,800 
422,564 


„ 6 




1-915 




0-2996 




0-670 


0-0112 


0-4643 


422,564 
454,750 


„ 7 




2-340 




0-4765 




0-558 


0-0182 


0-5824 


465,450 
454,750 


„ 8 




2-447 




0-3568 




0-579 


0-0182 


0-5718 


460,100 
454,760 


„ 9 




3-469 




0-2928 




0-706 


0-0210 


0-5900 


460,100 
422,564 


„ 11 




2-842 




0-1081 




0-645 


0-0182 


0-2243 


481,500 
454,750 


» 12 




2-316 




0-2008 




0-624 


0-0182 


0-4099 


431,966 
460,100 


„ 13 




3-263 




00401 




0-763 


0-0210 


0-0972 


422,564 
431,955 


» 14 




2-128 




0-2436 




0-581 


0-0182 


0-3453 


427,260 
465,450 


„ 15 




2-978 




0-2378 




0-354 


0-0182 . 


0-3411 . 


, 408,479 
454,750 


„ 16, 


v\1 


2-446 




0-2980 




0-623 


0-0210 


0-6960 


417,869 
419,184 


„ 18- 




2-872 




0-0720 




0-494 


0-0140 


0-4628 


431,955 

1 465,450 
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Table 7 


— (continued). 










Sewage chemically treated and sedimentec 




Coke-^°'^ offlnoTif 








I 


IS supplied to the coke-bed. 










Ouantitv 


Date, 


Oxygen absorbed 




Oxygen absorbed 






treated. 


1898. 


from permanganate 


! Nitrogen as 


from permanganate 


3 Nitrogen as 






in four hours. 




in four hours. 






Gallons. 




By the tota 

oxidisable 

matter. 


1 By the 
dissolved 
oxidisable 
matter. 


Nitrite. 


Nitrate. 


By the total j,?'^?^^ 
/ ! ji.„vir dissolved 
^fZ^ ojddisable 
""■tt^'-- matter. 


Nitrite. 


Nitrate. 




1899. 




















Sept. 19 




2-021 


Nil. 


0-2410 




0-494 


0-0140 


0-3470 


422,564 


„ 20 




3191 


» 


0-2916 




0-634 


0-0210 


0-7043 


455,285 
460,100 


n 21 




3-404 


)) 


0-2384 




0-553 


0-0280 


0-7890 


454,750 
454,750 
454,750 
454,750 
454,750 


„ 22 




3-085 


)) 


0-1315 




0-559 


0-0210 


0-6045 


„ 23 




3-0S5 


») 


0-3029 




0-602 


0-0182 


1-0698 


» 25 




3-298 


n 


0-3586 




0-505 


0-0140 


0-5726 


470,800 
481,500 
454,750 


„ 26 




3-723 


)J 


0-2391 




0-559 


0-0182 


0-4045 


454,750 


„ 27 




4-042 


)j 


0-1930 




0-602 


0-0140 


0-5900 


460,100 
454,750 


„ 28 




3-229 


11 


0-1986 




0-495 


0-0140 


0-4030 


454,750 
454,750 


„ 29 




2-708 


)» 


0-3460 




0-580 


0-0280 


0-5715 


460,100 
481,500 


„ 30 




2-187 


n 


0-3758 




0-428 


0-0210 


0-5845 


460,976 
454,750 


Oct. 2 




3-645 


)> 


0-3645 




0-523 


0-0182 


0-6042 


454,750 
455,285 


„ 3 




2;000 


J) 


0-2385 




0-452 


0-0140 


0-3491 


455,285 
454,750 


4 




2-812 


>) 


0-6206 




0-428 


0-0182 


1-4370 


460,100 
454,750 


» 5 




2105 


>» 


0-4320 




0-750 


0-0140 


0-6018 


454,750 


6 




2-812 


)) 


0-4922 




0-490 


0-0140 


0-8105 


454,750 
449,400 


„ 7 




2-947 


)) 


0-4800 




0-600 


00182 


0-8236 


454,750 
454,750 


„ 9 




2-812 


»j 


01325 




0-620 


0140 


0-47&5 


454,750 
470,800 


„ 10 




2-947 


>i 


0-2912 




0-700 


0-0218 


0-5882 


406,974 
454,750 


„ 11 




3-654 


n 


0-3578 




0-600 


00218 


0-5732 


454,750 
454,750 


„ 12 




3-654 


>» 


0-3936 




0-660 


0-0210 


0-7047 


455,285 
449,400 


„ 13 




4-038 


)i 


0-3624 




0-690 


0-0210 


0-5830 


454,750 
454,750 


., 14 




3-654 


15 


0-2224 




0-660 


0-0280 


0-4586 


454,750 
422,564 


,, 16 




3-461 


)) 


0-1780 




0-480 


0-0210 


0-4505 


454,750 
431,955 


„ 17 




3-557 


)1 


0-2417 




0-605 


0-0210 


0-3975 


454,750 
454,750 


„ 18 
„ 19 


3-365 

4-059 


2-211 
2-673 , 


1) 


0-3035 
0-3728 


0-543 
0-620 


0-456 
0-500 


0-0140 
0-0140 


0-4767 
0-4765 


454,750 
460,100 
454,750 


., 20 


3-663 


2-475 


M 


0-3993 


0-590 


0-480 


0-0182 


0-5980 


454,750 
464,750 


„ 21 


3-861 


2-574 


It 


0-2486 


0-610 


0-450 


0-0182 


0-4047 


454,760 
454,750 


„ 23 


4-507 


3-431 


») 


0-1844 


0-666 


0-558 


0-0140 


0-3526 


441,987 
486,850 


„ 24 


5-098 


3-833 


»J 


0-2359 


0-764 


0-607 


0-0140 


0-4683 


465,450 
460,100 


» 25 


5-000 


3-725 


») 


0-1802 


0-794 


0-607 


0-0210 


0-3416 


465,450 
460,100 


„ 26 


4-803 


3-431 


n 


0-0977 


0-754 


0-598 


0-0182 


0-2171 


454,750 
460,100 


„ 27 


4-215 


3-431 


») 


0-0871 


0-784 


0-637 


0-0182 


0-2843 


454,750 
454,760 


„ 28 


3-333 


2-058 


11 


0-0300 


0-663 


0-500 


0-0182 


0-0607 


454,750 
438,212 


„ 30 


3-725 


2-549 

1 


1) 


0-0505 


0-672 


0-427 


0-0140 


0-0787 


454,750 
443,903 
454,750 
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Table 7 — (continued'). 



Date, 

1898. 



Sewage cliemically treated and ^edimented 
as supplied to the coke-bed. 



Oxygen absorbed 

from permanganate 

in four hours. 



By the total 

oxidisaLble 

matter. 



1899. 

Oct. 31 

Nov. 1 

„ 2 

,, 3 

„ 4 

„ 6 

„ 7 

„ 8 

„ 9 

„ 10 

„ 11 

„ 13 

„ 14 

„ 15 

„ .16 

„ 17 

,. 18 



5-294 

4-607 

3-823 

2-941 
1-960 

2-058 

3-333 

4117 

3-137 

4-126 

2-647 

4-216 

4-901 

4-5C0 

4-400 

1-700. 
4-400 



Bythe 
diesolved 
oxidisable 

matter. 



Nitrogen aa 



Nitrite. 



») 


20 


4-200 


)) 


21 


4-803 


)) 


22 


5-196 


)? 


23 


4-313 


)> 


24 


4-705 


)» 


25 


4-356 


n 


27 


6-248 


»» 


28 


5-800 


)» 


29 


5-700 


J) 


30 


5-500 


Dec. 


1 


5-700 


JJ 


2 
4 


3-300 
3-900 


)» 


5 


3-400 


» 


6 


4-200 


J» 


7 


5-445 


» 


8 


6-148 


)» 


9 


4-800 


)J 


11 


6-600 



3-725 
3-333 

2-450 

1-862 
1-078 

1-274 

2-549 

2-254 

2-254 

2-647 

1-764 

3-333 

3-823 

3-500 

4-000 

1-800 
2-600 

3-200 

3-725 

4-117 

3-529 

3-529 

3-465 

4-455 

4-500 

4-200 

4-300 

^•500 

2-200 
2-600 

2-900 

3-700 

4059 

4-069 

3-300 

4-700 



Nil. 



0-1120 
0-0840 

0-1120 

0-5600 

0-0420 

0-0560 

0-0700 

Nil 



Nitrate. 



0-0280 
Nil 

00560 
Nil 



0-0592 

0-1846 

0-0565 

0-0388 
0-3460 

0-2560 

0-0525 

0-3013 

0-0867 

0-2201 

Trace 

0-0603 

0-1224 

0-1806 

00973 

0-0354 
0-0675 



Coke-bed effluent. 



Oxygen absorbed 

from permanganate 

in four hours. 



By the total 

osidisable 

matter. 



)) 


00596 


'3 


0-1810 


?1 


0-1146 


0-0560 


0-2420 


Nil 


0-3067 


)J 


0-0581 


)> 


0-0800 


0-0280 


0-0333 


0-0140 


00985 


0-0140 


00170 


0-0322 


0-0481 


Nil 
0-0420 


0-3006 
0-2041 



0-3445 
0-0606 
0-0598 
0-0635 
0-1231 
0-2481 



0-618 

0-690 

0-520 

n-591 
0-540 

0-415 

0-574 

0-504 

0-654 

0-416 

0-526 

0-616 

0-660 

0-634 

0-596 

0-443 
0-634 

0-586 

0-622 

C-651 

0-963 

0-558 

0-563 

0-660 

0-702 

0-760 

0-712 

0-731. 

0-811 

Lost 

0-759 
0-685 
0-734 
0-663 
0-650 
.0-740 



By the 

dissolved 

ozidisable 

mattpr. 



0-618 

0-545 

0-429 

0-469 
0-387 

0-336 

0-455 

0-396 

0-445 

0-307 

0-419 

0-482 

0-526 

0-461 

0-480 

0-413 
0-480 



Nitrogen as 



Nitrite. 



0-555 
0-666 

0-601 

0-527 

0-632 

0-661 

0-620 

0-670 



0-0140 

0-0140 

0-0280 

0-0182 
0-0350 

0-0280 

0-0350 

0-0210 

0-0140 

0-0210 

0-0210 

0-0210 

0-0280 

0-0210 

0-0280 

0-0210 
0-0420 



0-471 


0-0420 


0-513 


0-0420 


0-522 


0-0420 


0-899 


0-0700 


0-477 


0-0660 


0-447 


0-0420 


0-602 


0-0140 


0-615 


0-0322 


0-635 


00322 


0-635 


0-0322 


0-630 


0-0210 



0-0210 
0-0280 



Nitrate. 



0-1381 

0-4785 

0-0905 

0-3509 
0-4618 

0-3946 

0-3340 

0-5996 

0-2923 

0-3040 

0-2133 

0-3324 

0-27] 7 

0-3491 

0-3370 

0-3541 
0-4360 

0-4560 

0-5680 

0-4154 

0-6475 

0-4388 

0-1917 

0-6360 

0-1640 

0-0928 

00102 

0-1480 

0-4638 
0-2766 



0-0210 


0-5923 


0-0210 


0-2802 


0-0210 


0-2218 


0-0280 


0-1010 


0-0420 


0-3251 


0-0420 


0-5714 



Quantity 
treated. 

Gallons. 



449,400 

454,760 

454,750 

454,750 

454,750 

454,750 

460,100 

472,368 

466,285 

456,285 

438,212 

455,285 

454,750 

454,750 

460,100 

454,7b0 

464,750 

422,564 

422,564 

422,664 

422,664 

422,564 

454,750 

422,664 

422,564 

347,482 

422,664 

422,664 

454,750 

460,100 

422,564 

347.482 

465,450 

454,750 

422,664 

347,482 

422,664 

454,750 

347,482 

366,277 

354.432 

347,482 

429,269 

452,750 

454,760- 

347,482 

465,460 

449,400 

454,750 

464,750 

465,460 

470,800 

465,460 

460,976 

465,286 

454,750 

426,830 

454,760 

426,830 

465,285 

432,521 

454,750 

438,212 

465,460 

386,626 

454,750 

454,750 

454,750 

454,750 



[5] 
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Table 7 — (conti'mied). 





Sewage chemically treated and sedimented 
as supplied to the coke-bed. 


Ooke-bed eflBuent. 


Quantity 


Date, 

1898. 


Oxygen absorbed 

from permanganate 

in four hours. 


Nitrogen as 


Oxygen absorbed 

from permanganate 

in four hours. 


Nitrogen as 


treated. 
Gallons. 




By the total 

oxldisable 

matter. 


By the 
dissolved 
oxidiaable 

matter. 


Nitrite. 


Nitrate. 


By the total 

oxidisable 

matter. 


By the 
disaolved 
oxidisable 

matter. 


Nitrite. 


Nitrate. 




1899. 
Dec. 12 

„ 13 

„ 14 
„ 15 

„ 16 

„ 18 

„ 19 

„ 20 

„ 21 

„ 22 
„ 27 

„ 28 

„ 29 

„ 30 


6-000 

6-300 

6-200 

4-900 

3-400 
4-000 

4-300 

5-000 

6-200 

6-100 
6-100 

6-800 

5-300 

4-300 


6-400 

6-600 

4-900 

4-300 

1-900 
3-600 

3-400 

4-200 

4-000 

6-500 
4-900 

4-900 

4-300 

2-900 


Nil 

J) 
I) 

0-0560 

Nil 
0-0560 

0-0660 

0-0660 

0-0660 

0-0420 
0-0490 

0-0560 

0.0420 

Nil 


0-1172 

Trace 

0-2975 

0-1300 

0-2493 
0-0616 

0-1808 

0-0041 

0-0546 

0-1978 
0-0710 

0-0658 

0-0691 

0-1167 


0-740 

0-720 

0-708 

0-660 

0-349 
0-543 

0-485 

0-663 

0-574 

0-841 
0-723 

0-628 

0-828 

0-543 


0-700 

0-680 

0-669 

0-583 

0-349 
0-436 

0-405 

0-485 

0-465 

0-742 
0-623 

0-48.") 

0-666 

0-467 


0-0420 

0-0350 

0-0420 

0-0420 

0-0420 
0-0420 

0-0420 

0-0350 

0-0420 

0-0280 
0-0700 

0-0210 

0-0140 

0-0280 


0-5473 

0-2110 

0-3710 

0-2647 

0-3236 
0-2619 

0-4165 

0-3874 

0-2688 

0-3335 
0-5400 

0-5332 

0-4425 

0-3802 


454,750 
444,050 
422,564 
449,400 
454,750 
438,700 
422,564 
438,700 
454,750 
454,750 
454,750 
438,700 
454,750 
440,050 
454,750 
454,750 
454,750 
440,050 
406,974 
454,750 
454,750 
464,750 
454,750 
444,050 
454,750 



Averages. 





Oxygen absorbed from 






Oxygen absorbed from 










permanganate in 


Nitrogen as 


permanganate in 


Nitrogen as 






4 hours. 






4 hours. 










By the 


By the 






By the 


By the 






Kemarks. 




total 
oxidisable 


nisaolved 
oxidisable 


Nitrite. 


Nitrate. 


total 
oxidisable 


dissolved 
oxidisable 


Nitrite. 


Nitrate. 






matter. 


matter. 






matter. 


matter. 








1898 




















May 12— May 23 




3-039 








0-623 






[One filling. 


May 25— July 2 




2-655 


Nil 


0-0059 




0-509 


0-0252 


0-1145 


July 4— July 29 




2-877 


Nil 


0-0061 




0-624 


0-0221 


0-0615 


Two fillings. 
One filling. 


Nov. 8— Nov. 19 
1899 


5-045 


3-525 


Nil 


01114 


1-018 


0-567 


0-0474 


0-6738 


Nov. 21— Jan. 21 


5-465 


4-108 


0-0610 


0-0594 


1-183 


0-613 


0-0321 


0-3979 


^ Two fillings. 


1899 


















Jan. 23— Mar. 11 




3-987 


0-0396 


0-0783 




0-665 


0-0233 


0-2407 


May g— Oct. 17 




2-976 


0-0003 


0-1814 




0-574 


0-0308 


0-7118 


7 Two fillings after 
) first three weeks. 


Oct. 18— Dec. 30 


4-443 


3-393 


0-0291 


0-1411 


0-642 


0-529 


0-0290 


0-3483 


1898 




















May 12— July 2 
1899 




2-726 


Nil 


0-0059 




0-530 


0-0252 


0-1145 


One filling. 


Nov. 21— Mar. 11 


5-465 


4-057 


0-0518 


0-0683 


1-183 


0-635 


0-0283 


0-3300 


Two fillings. 


1899 


















May 8— Dec. 30 


4-443 


3-109 


0-0095 


0-1686 


0-643 


0-560 


0-0302 


0-596S 




1898 1899 




















May 12— Dec. 30 


4-921 


3-306 


0-0186 


0-1168 


0-900 


0-580 


0-0294 


0-4531 


Whole pei-iod. 



Percbntage Purieication. 



1898 
May 12— July 2 

1899 
Nov. 21— Mar. 11 

1899 
May 8— Dec. 30 



78-4 



85-5 



80-5 
84-3 

82-0 
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2.— CROSSNESS RESULTS. 
Tablk 8. — Details op the Analytical Results obtained from the Ceude Sewage and the Effluent 

PROM THE Bacterial Beds. 



Date. 



Crude sewage. 



NumlieT of fillings 
per day. 



Oxygen absorbed 
from permanganate 
in four hours by the 
dissolved putrescible 
matter. 



Nitrogen as 



Nitrite. 



Nitrate. 



Coke-bed effluent. 



Oxygen absorbed 
from permanganate 
in four hours by the 
dissolved putrescible 
matter. 



Nitrogen as 



Nitrite. 



Nitrate. 



1899. 



27 

28 

1 

2 

3 

4 

6 

7 

8 

10 

11 

13 

14 

16 

16 

17 

18 

20 

21 

22 

23 

24 

26 

27 

28 

29 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

24 

25 

26 

27 

28 

29 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

15 

16 

17 

18 

19 

24 

25 

26 

27 

29 



One 



Two 



One 
Two 



One 
Two 



One 
Two 



One 

Two 



One 

Two 

)> 

>> 

>> 
One 

Two 



One 
Two 



3-039 

4-300 

2-600 

3-418 

4-620 

2-942 

3-511 

2-766 

2-872 

3191 

3086 

3-737 

2-525 

2-632 

3-263 

2-947 

3-158 

2-604 

4-271 

6-459 

3-263 

4-062 

2-917 

3036 

3-482 

2-679 

3100 

2-000 

3-200 

2-800 

2-700 

3-725 

3039 

4-314 

2-451 

3-921 

3137 

4-301 

3-824 

2-574 

5-247 

4-444 

4-646 

3-878 

2-653 

2-842 

2-857 

4-742 

3-542 

2-846 

2-340 

3-298 

4-480 

3-830 

3-300 

4-216 

3-301 

2-277 

2-784 

3-299 

2-143 

3-535 

4-124 

2-300 

3-800 

1-700 

4-255 

3-298 

2-826 

2-766 

2-632 



Nil 


Nil 


1-614 


)) 


)) 


2-500 


)? 


)) 


1-500 


>» 


)) 


1-827 


)> 


»» 


2-815 


»5 


» 


1-629 


)? 


J) 


2021 


0-021 


jj 


1-915 


Trace 


)) 


0-958 


Ml 


jj 


1-489 


)J 


Trace 


1-489 


0-014 


Nil 


1-212 


Nil 


Trace 


0-999 


)) 


Nil 


0-947 


)) 


J) 


1-158 


jy 


ij 


1-158 


»> 


5) 


1-370 


?) 


)J 


1042 




)j 


1-562 


Trace 


)j 


3125 


0-007 


)> 


1-369 


Nil 


)j 


1-770 


)j 


yj 


1-042 


Trace 


ty 


1-518 


Nil 


;9 


1-875 




9) 


1-429 




jf 


1-400 


)) 


J) 


1-200 


Trace 


)i 


1-800 


0-028 


0011 


1-400 


Nil 


Nil 


1-500 


0-014 


)) 


1-961 


Nil 


)J 


1-470 


Trace 


)) 


2-568 


0-007 


Trace 


1-372 


Nil 


Nil 


2-451 


0-021 


>> 


1-862 


Nil 


)) 


2-680 


0-007 


Trace 


2-680 


Trace 


Nil 


1-453 


Nil 


)» 


3014 
2-525 


0-021 




3-030 


0-028 


Trace 


2-245 


Trace 


Nil 


1-617 


Nil 


1) 


1-789 




Trace 


1-667 


0-007 


0034 


2-755 


0-007 


Nil 


2-371 


0-014 


)J 


1-579 


Nil 


if 


1-474 
1-959 


JJ 




2-660 


Trace 




2-340 


0-007 


Trace 


1-800 


Nil 


)) 


2-451 




Nil 


1-863 


» 




1-078 


)J 


)' 


1-443 


J) 


5) 


1-735 


»5 


J? 


1-2.37 


» 


3? 


1-919 


)» 




2-755 


»> 


J) 


1-400 


0-035 


)> 


2-000 


Nil 


)» 


0-800 
2-553 


JJ 


)• 


1-702 


n 


'> 


1-277 


jy 




1-696 


0-014 


)) 


1-579 



0014 
Trace 

Nil 
0-007 
Trace 

Nil 
0014 
0-070 
0-084 

Nil 
0021 
0-021 
Trace 

Nil 

0-621 
0-035 
0-070 
0-014 
0-021 
0-014 
0-007 
0-021 

Nil 
0-021 
0-007 
0-042 
0-014 

Nil 
0-007 
0014 
0-007 
0-014 
0-070 

Nil 
0-014 
0-014 
0028 
0-014 
0-042 

Nil 
0-014 
0-007 
0-014 
Trace 

Nil 
0-021 
0-066 
0-042 
Trace 
0-070 
0-021 

Nil 
0-007 
0-014 

Nil 
Trace 
0-056 
0-070 
0-014 
0-028 
0-028 
Trace 
0-007 
0-098 
0-021 
0042 
0-070 
0-070 
0-084 

0035 



Trace 

)) 

Nil 

0-030 

Nil 

)» 
Trace 

0-052 
0-095 
0-040 
0-110 
0-037 
Trace 
0-077 
Trace 
0-136 
Trace 
0-143 
0-083 
0-071 
0-128 
0-114 
0-142 
Nil 
0-109 
Trace 
0-123 
0-038 
0-080 
0-078 
0-056 
0-213 
0-044 
0-081 
0-060- - 
0-138 
0136 
0-054 > 
0-285 
Trace- - 
0-184 
0-263 
0-210 
Trace - 
0-322 
0-148 ■ 
0-180 ■ 
Trace ' 
0-170 
0-094 
0-208 
0-045 
0-241 
Trace 
0-180 
0-094 
0-231 
Trace- 

NU 
0-113. 

Nil 

0-204. 
0-046 
0-133 
0-320 
0-055 
0-121 
0-219 
0-147 
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Table 8, — (contirmed). 



Date. 



Crude sewage. 



Numlier of fillings 
per day. 



1899. 
May 30 

June 



Oxygen absorbed 

from permanganate 

in four hours by the 

dissolved putrescible 

matter. 



July 



-Aug. 



Sept, 



Two 



31 


)) 


1 


)j 


2 


)) 


3 


One 


5 


Two 


6 


J) 


7 


») 


8 


One 


9 


)j 


19 


Two 


20 


» 


21 


)) 


22 


)) 


23 


i» 


24 


One 


26 


Two 


27 


)» 


28 


)) 


29 




30 


)J 


1 


One 


3 


Two 


4 


)J 


5 


)) 


6 


)? 


7 


One 


10 


Two 


11 


)5 


14 


» 


15 


One 


17 


Two 


18 


)> 


19 


J» 


20 


;; 


21 


One 


25 


Two 


31 


One 


1 


Two 


2 


)) 


3 


>) 


4 


)J 


9 


5) 


10 


J) 


11 


»» 


12 


One 


14 


)J 


15 


Two 


16 


)» 


21 


One 


22, 


Two 


23; 


)) 


24 


J» 


25 


)) 


26 


One 


28 


Two 


29 


)) 


30 


ff 


31 


)) 


1 


)J 


2 


One 


4 


Two ' 


6 


)j 


6 


») 


7 


» 


9 


One 


11 


Two 


12 


)J 


13 : 


)) 


14 


J) 


15 


J> 


16 


One 


18 


Two 



3-298 

3-968 

3-263 

2-900 

2-800 

2-727 

3-400 

3-900 

2-772 

3-267 

3-737 

2-653 

4-388 

3-500 

3-367 

2-449 

3-438 

2-813 

2-604 

1-649 

4-845 

2-165 

1-920 

1-735 

2-020 

2-755 

1-837 

2-376 

3-000 

2-323 

2-930 

4-615 

3-516 

2-967 

3-696 

2-777 

3152 

2-222 

2-889 

4-667 

2-857 

3-763 

3-778 

3-736 

3-736 

3-804 

2-627 

3-951 

3-493 

4-942 

4-369 

4-046 

4-943 

4-118 

3-629 

6-048 

5102 

3-266 

3-939 

3-571 

3-300 

2-525 

3-300 

3-030 

3-366 

2-857 

2-867 

4-040 

4-286 

4-592 

1-020 

2-200 

3-700 



27itrogen as 



Nitrite. 



Nil 



0-028 
Nil 

0-028 
0-014 
Nil 

0-607 
Nil 

0-014 

Nil 
0-007 

Nil 

)) 

Trace 

Nil 



Trace 

Nil 

Trace 

it 
Nil 

1) 

Trace 

Nil 



Nitrate. 



Nil 



Trace 
Nil 



Trace 

Nil 



Coke-bed effluent. 



Oxygen absorbed 
from permanganate 
in four hours by the 
dissolved putrescible 
matter. 



Nitrogen as 



2-021 

2-283 

1-789 

1-400 

1-600 

1-313 

1-900 

2-500 

1-881 

1-683 

2-020 

1-530 

2-653 

1-900 

2041 

1-326 

1-876 

1-458 

1-468 

0-826 

2-165 

1-134 

1-010 

0-512 

1-111 

1-224 

1-021 

1-386 

1-700 

1-414 

1-616 

2-308 

1-319 

1-648 

2-174 

1-555 

1-739 

0-889 

1-222 

2-667 

1-758 

2-473 

2-111 

2-088 

2-527 

2-069 

2-087 

2-790 

1-929 

2-414 

2-896 

1-574 

2-248 

1-882 

1-412 

2-041 

2-245 

2-347 

1-919 

1-736 

1-190 

J -313 

1-100 

1-717 

1-735 

2-449 

1-633 

1-616 

2-245 

1-837 

0-918 

1-700 

1-400 



ITiirite. 



0-007 
0-070 
0028 
0-028 
0-014 
0-070 
0-140 
0098 
0-014 
0-021 
0-084 
0-070 
0-014 
0-028 

Nil 
0-042 

Nil 

0-028 
0-007 

Nil 
0-035 
0-007 
Trace 
0-014 
0021 
Trace 

Nil 

0-070 
Trace 

j» 
Nil 

Trace 

i» 

Nil 

0070 

Nil 

0-044 
Trace 
0-028 
Trace 
Nil 



0-066 
Trace 
0-0056 
Trace 

Nil 
0-035 

Nil 



0-014 
0028 

Nil 

0-3860 

Nil 



0-2647 
Nil 



Nitrate. 



0-253 
0-273 
Nil 
0-128 
Trace 

■ »» 
Nil 
0-045 
0-157 
0-108 
0-320 
0-038 
0-207 
0-114 
0-083 
0-039 

Trace 

Nil 

0-204 

Trace 

0-183 

0-256 

Trace 
0080 
Nil 
0-317 
0-148 

Trace 
0-055 
0146 
0-106 
0-333 
0-134 
Nil 
0-083 
0068 
0-873 
0-492 
Nil 
0-485 
Nil 
0-364 
Nil 
0-358 
Nil 

Trace 
0-2647 
Nil 
0-5045 

Nil 



0-6271 
0-1740 
1-1025 

Nil 
Trace 
0-5294 

Nil 

0-1765 

Nil 



0-3770 
Nil 



00112 
Nil 
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Table 8. — (continued). 





Crade sewage. 


C!oke-bed effluent. 


'■• Date. 


Number of fiUings 


Oxygen absorbed 

from permanganate 

in four hours by the 

dissolved putreaoible 

matter. 


Nitrogen as 


Oxygen absorbed 
from permanganate 


Nitrogen 


as 




per d»y. 


Nitrite. 


Nitrate. 


dissolved putrescible 
matter. 


Nitrite. 


Nitrate. 


1899. 
















Sept. 19 


Two 


4-216 


Nil 


Nil 


1-667 


Trace 


0-0098 


20 


)) 1 


4-257 






1-881 


0-2164 


Nil 


21 


J» 


4-300 






1-600 


Nil 


Trace 


22 


?> 


3-900 






1-700 




Nil 


23 


One 


3-431 






1-667 


0-0916 


11 


25 


Two 


2-871 






1-485 


Nil 


26 


)) 


4-608 


U 


11 


1-667 


Trace 


0-0280 


27 


1) 


2-857 






1-099 


Nil 


Trace 


28 


59 


4-725 






1-868 




Nil 


29 


59 


2-826 






1-304 


Trace 




Oct. 2 


J) 


2-747 


0-0168 




1-648 


0-0350 




3 


)) 


4-505 


Ml 




1-319 


0-0280 


Trace 


4 


» 


5-000 






2-127 


0-0210 


0-3494 


5 


)» 


4-176 




0-1752 


1-649 


Nil 


Trace 


6 


5J 


4-222 




Nil 


1-555 




Nil 


7 


One 


3-279 






0-659 






9 


Two 


4-945 






1-760 






13 


One 


4-456 






1-521 






16 


)) 


2151 


)) 


)) 


1182 


0-0378 


0-2361 


23 


)j 


4-545 


5» 


»i 


1-515 


0-3930 


Trace 





Number 
of 


CitUDK SbWAOE. 


Coke-Bed Effluent. 


Date. 


Oxygen absorbed from 
permanganate in 4 hours. 


Nitrogen as 


Oxygen absorbed from 
pennangajiate in 4 hours. 


Nitrogen as 


1899. 


MM! II gTrr 

per day. 


By the total 


By the 






By the total 


By the 










putrescible 
matter. 


putrescible 
matter. 


Nitrite. 


Nitrate. 


putrescible 
matter. 


putrescible 
matter. 


Nitrite. 


Nitrate. 


Nov. 7 


Two 


6-000 


2-946 


0-0952 


Trace 


2-321 


1-473 


0-3780 ■ 


1-2117 


8 


J) 


6-000 


4-210 


Nil 


)) 


2-936 


2-326 


0-2100 


1-0980 


9 


5J 


6000 


3-053 


0-0168 


0-0573 


2-210 


1-358 


0-1470 


0-4011 


10 


)) 


6-355 


2-917 


00070 


Nil 


2-601 


1-500 


0-0798 


Nil 


11 


One 


6-314 


2-946 


Nil 


)) 


2-321 


1-358 


0-1470 


0-7270 


14 


Two 


6-288 


3-814 


jf 


)f 


1-855 


1-855 


Nil 


Nil 


15 


)) 


7-031 


3-609 


)> 


1) 


2-371 


1-855 


)) 


55 


16 


1) 


6-041 


3-442 


)j 


)) 


2-500 


2-396 


)) 


53 


17 


)1 


5-051 


3-300 


jj 


9) 


2062 


1-670 


)? 


9) 


18 


One 


4-737 


3-263 


jj 


;} 


2-316 


2-026 


)» 


0-1763 


20 


, Two 


5-625 


4-026 




)1 


1-562 


1-458 


0-0393 


Trace 


21 


)9 


6-459 


6-159 




}} 


2-917 


2-078 


Nil 


0-0886 


22 


)j 


6-296 


4-722 


)) 


J1 


2-315 


2-129 


)3 


Trace 


23 


)) 


9-074 


5-642 


]1 


0-0796 


2-129 


2-037 


)» 


0-1436 


24 


)) 


7-685 


4-629 


jf 


Nil 


2-407 


1-825 


3» 


Nil 


25 


One 


4-637 


2-685 


1) 


IT 


1-388 


1-203 


)3 


55 


27 


Two 


9-174 


6-055 


Ij 


?■> 


3-119 


2-752 


J) 


0-0591 


28 


J) 


8-718 


5-779 


5) 


•)! 


3-846 


3-211 


n 


0-0835 


29 




7-830 


4-710 


7) 


J1 


2-547 


1-792 


53 


0-1743 


30 


fj 


7-339 


4-312 


)) 


31 


2-568 


1-926 


55 


Trace 


Dec. 1 




6-605 


3-669 


Ij 


)J 


2-568 


1-926 


95 


i-j 


2 


One 


6-880 


6-229 


)) 


)) 


1-834 


1-642 


95 


NU 


4 


Two 


9-174 


6-330 


)) 


)) 


2-110 


1-468 


55 


95 


6 




7-957 


4-731 


)) 


J) 


2-105 


1-720 


55 


39 


6 




8-125 


5-834 


)} 


5? 


2-917 


1-979 


93 


95 


7 




7-579 


5-473 


Jj 


)? 


3-579 


2-631 


55 


n 


8 




7-683 


4-734 


71 


)> 


2-726 


2-000 


53 


95 


9 


One 


3-871 


2-903 




)) 


2-473 


1-496 


93 


55 


12 




7-938 


5-361 




Trace 


2165 


1-236 


0-028 


0-3481 


13 


Two 


7-526 


6051 


)) 


Nil 


2-887 


2-062 


Nil 


Trace 


14 




6-354 


4-583 


1) 


■jj 


2-500 


1-536 


55 


NU 


15 


One 


6-956 


5-217 


Ij 


)T 


2-826 


2-282 


55 


55 


16 




6-210 


5-369 


jj 


J1 


2-105 


1-894 


95 


59 


18 


Two 


4-376 


3-541 


7) 


)5 


2-601 


1-771 


59 


59 


19 


One 


9-592 


6-938 


0-007 


Trace 


5102 


2-347 


0-091 


0-2383 


20 




9-278 


6-701 


Nil 


Nil 


4-020 


3-299 


Nil 


Nil 


21 


J) 


5-307 


3-776 




Trace 


2-347 


1-836 


J) 


0-1179 


22 




14-949 


8-383 


)) 


Nil 


4-545 


3-434 


51 


Trace 



Averages. 



Feb. 27— March. 25 




3-399 


0-0019 


0-0000 




1-587 


0-0189 


0-0486 


March 27 Oct. 23 




3-386 


0-0023 


0-0016 




1-774 


0-0274 


01163 


Nov. 7— Dec. 22 


7-077 


4-633 


0-0034 


0-0037 


2-624 


1-968 


0-0295 


0-1282 


March 27— Dec. 22 


7-077 


3-650 


0-0026 


0-0020 


2-624 


1-815 


0-0279- 


0-1188 


Feb. 27— Dec. 22 


7-077 


3-622 


0-0025 


0-0018 


2-624 


1-789 


0-0269 


0-1108 
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Table 9. — Details of the Analytical Results obtained prom the Tkeatment or Crude Sewage by,Rapid 
Sedimentation followed by Intermittent Treatment in a Coke-Bed. 





Daily average 

rate of flow of 

the sewage 

through the 


Average dailj 


samples of the sewage subjected to sedimentation, 
collected during 24 hours' flow. 


Average samples of the portion of 

sedimented sewage subjected to 

coke-bed treatment. 




Oxygen absorbed from permanganate in four hours. 


Date. 










By the dissolved 


1 




ohannels. 






By the total 


By the dissolved 


oxidisable matter| By the dissolved 






By the total 


By the dlBsolved 


oxidisable matte 


[■ oxidisable matter 


in the sewage 


oxidisable matter 




Feet per minute. 


oxidisable mattei 


oxidisable mattei 


in sewage 


in the sewage 


effluent after 


in the effluent 






in the sewage. 


in the sewage. 


effluent after 


effluent after 


sedimentation 


from the 










sedimentation. 


sedimentation. 


and before coke- 


coke-bed. 






m 








bed treatment. 




1899. 














, 


Dec. 24 


10-6 


6-735 


4-082 


5-204 


3-877 


... 


... 


26 


90 


6-392 


4-227 


5-051 


4-020 


4-316 


2-830 


26 


9-4 


6-916 


4-299 


6-074 


4-392 


3-720 


2081 


27 


8-3 


7-245 


5-102 


6-530 


5-204 


3-855 


2-081 


28 


11-5 


8-061 


6-714 


6-735 


5-612 


4-400 


2-000 


29 


12-8 


8-989 


6-555 


7-171 


5-454 


3-600 


1-700 


30 


5-8 


7938 


3-093 


6-146 


3-750 


3-500 


1-660 


31 


5-2 


7-187 


4-270 


5-876 


3-195 






1900. 
















Jan. 1 


99 


7-083 


4-061 


5-416 


4-166 


2-963 


1-394 


2 


71 


6-562 


3-646 


5-833 


3-750 


3-708 


1-650 


3 


6-3 


7-745 


4-705 


6-372 


4-705 


5-106 


2-172 


4 


4-3 


6-019 


3-883 


4-174 


3-689 


4-480 


2-059 


5 


4-8 


6-956 


5-326 


6-621 


5-000 


4-736 


2-020 


6 ... 


51 


6-333 


3-888 


5-333 


4-000 


3-826 


1-913 


7 ... 


5-9 


6-333 


3-444 


5-444 


3-777 






8 


6-9 


6-593 


4-615 


6-252 


4-615 


3-700 


1-500 


9 


7-3 


7-234 


4-489 


6-489 


4-042 


2-800 


1-300 


10 


6-5 


7-174 


6-109 


6-087 


5-217 


3-333 


1-616 


11 


6-3 


6 739 


4-782 


6-087 


5000 


3-737 


1-212 


12 


5-6 


7-766 


5-000 


6-490 


5-319 


4-217 


1-992 


13 


5-8 


6-989 


4-516 


5-698 


4-622 


4-602 


2-043 




7-4 


7-095 


4-467 


5-952 


4-448 


3-922 


1-846 


Average percentage 


... 


• <■ 


■ *■ 


161 


0-4 


12-2 


68-7 


purification 














on the crude 

sewage. 

52-9 

on the sedi- 
mented 
sewage. 
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DIVISION IL-BACTERIOLOGICAL. 



I— SUMMARY OF THE CONTENTS OF PREVIOUS REPORTS. 



1.— SUMMARY OF THE CONTENTS OF THE FIEST REPORT.* 

In this Report a description, of some of the methods used in the bacteriological examination 
of sewage was given, and the results of the bacteriological examination of nine samples of Barking 
and six samples of Crossness crude sewage as regards the total number of bacteria, the number of 
spores of bacteria and the number of liquefying bacteria, and as regards the species of micro- 
organisms present were expressed in the form of a table. 

Fourteen micro-photographs illustrating the work accompanied the Report. 

The chief results obtained may be stated as follows — 



1_ 

Description of 

the sample 

of 

crude sewage. 


2 

Total number of 
b^teria in 1 c.c. 


3 
Number of 

spores 
of bacteria 

in 1 c.c. 


4 

Number 

of liquefying 

bacteria 

in 1 c.c. 


5 

Number of 

B. coli (or closely 

allied forms; 

in 1 c.c. 


6 
No. of spores of 

B. enteritidis 

sporogenp.s (Klein) 

in 1 c.c. 


Barking — 

Crude sewage 
(9 samples) 


3,899,259 


332 

(excluding 
extreme results). 


430,750 


Usually more 
than 100,000 


From 10 to 
1,000 (usually 
more than 
100). 


Crossness — 
Crude sewage 
(6 samples) 


3,526,667 


365 

(excluding 

extreme results). 


400,000 


Usually more 
than 100,000 


From 10 to 
1,000 (usually 
more than 
100). 



Although prior to the publication of this Report there were numerous records of the total 
number of micro-organisms in raw sewage, it is believed that there were few, if any, data dealing 
with the systematic examination of samples of crude sewage as regards the estimation of the number of 
aerobic bacteria present in the form of spores, the number of microbes causing liquefaction of 
gelatine, the number of B. coli and spores of the pathogenic B. enteritidis sporogenes. 

Such records were considered to be highly important as preparatory to a study of the effluents 
from biological coke-beds. Moreover these records have a special interest from the point of view of 
the bacterioscopic examination of drinking water. J Thus pure water rarely contains more than 
100-200 bacteria per c.c. and very few, if any, spores in a similar quantity. As regards liquefying 
bacteria, these are present in considerable numbers even in very pure waters, but they are for the 
most part different in sort from those found in sewage.§ B. coli is not present, or only in small 
numbers in water free from any objectionable pollution, and the spores of B. enteritidis sporogenes 
are absent from as much, it may be, as 100 to 500 c.c. of a pure water. 

It is worthy of note that relatively to the total number of microbes, the number of spores of 
bacteria is much greater in surface soilst than in sewage or in water. Further, that pure soils do not 
contain the spores of B. enteritidis sporogenes even in as much as 10 mgrms. of the soil, whereas impure 
soils may contain 10,000 per gramme. Lastly, B. coli appears to be absent from pure virgin soils 
and present, it may be, in considerable numbers in soils recently polluted. 

Although the estimation of the total number of micro-organisms, the number of spores of 
bacteria and the number of liquefying srerms was considered not unimportant, chief stress is to 
be laid on the enumeration of B. coli and spores of B. enteritidis sporogenes. 

B coli is an organism characteristic of the intestinal discharge of animals, and especially 
abundant therein. Moreover, it may be pathogenic, although it can hardly be considered as a 
pathoeenic microbe under ordinary conditions and in the usual acceptation of the term. Certainly, 
however, its presence serves as an index of the possible presence of other and perhaps dangerous 
bacteria of recent animal outcome. 



* The Report contained a record of the work done from February 23rd t^ May 9th 1898 Filtration of 
sewage. Eeporton the bacteriological examination of London crude sewage. First Eeport. (P. S. Kmg and 
Snn 9 and 4 Great Smith-street, Westminster, S.W.) j i. j 

+ It is remarkable that notwithstanding the fact that sewage is the most common and most dangerous 

o*JVl,Vnolliit,ion of drinking waters so little is known of the bacterial composition of sewage. 

'""''^"kr ex^Se :"n the SoTd Report a large number of experiments are given showing that in sewage and 

Ir, the IffluenTsTrom bacterial beds a gas-forming rapidly liquefying microbe described as sewage proteu, is 

Ji-esent in nuUerTusually exceeding 100,000 per c.c. This micro-organism was sometimes found to be very 

'^'"^^'t Report of the Medical Officer, Local Government Board, 1897-8. ^ 
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As regards B. enteritidis sporocjenes, this anaerobe is not only typical of excremental 
matters, but its cultures are extremely virulent to animals, and Dr. Klem s researches point to its 
being causally related to certain cases of acute diarrhoea m the human subject. 

There was a manifest advantage in choosing two micro-organisms— one an aerobe and the 
other an anaerohe, with the object of counting their numbers first m the crude sewage and after- 
wards in the effluent from bacterial coke-beds and B. coli and B. entemUdis sporogenes seemed 
to be microbes peculiarly well-fitted for the purpose. 



2.— SUMMARY OF THE CONTENTS OF THE SECOND REPORT.* 

The Report is dividad^nto a chemical and bacteriological division. 

DIVISION I.— CHEMICAL. 

Here Dr. Clowes deals with the chemical and practical side of the question under (1) objects 
of the coke-bed experiments; (2) general results obtained; (3) general conclusions; (4) advantages 
of bacterial over chemical treatment ; (5) construction and details of the coke-beds ; (b) methods 
of working the beds and their condition at the time of writing the Report; (7) history o± each coke- 
bed ; (8) experimental proof of the aeration of the coke-beds ; (9) variation m the condition o± the 
raw sewage, and its effect upon the effluent; (10) comparative purity of clear sewage, bacterial 
effluent and chemical effluent. 

DIVISION II.— BACTERIOLOGICAL. • 

It is this division of the Report which it is now proposed to summarise. 

It will be remembered that the First Report dealt with a period extending from the end of 
February to the beginning of May, 1898, and with the bacteriological examination of the raw 
sewage only — the bacterial coke -beds being at the period referred to in course of construction. 
The Second Report carried the enquiry a stage further, since it dealt with the bacteriological 
examination of the effluents from the bacterial coke-beds as well as of the raw sewage. The main 
portion of the Report treated of a period extending from May 9th to August 9th, 1898. But m 
the Addenda A, B, C, D, B, further bacteriological records were given, bringing the work up to the end 
of that year. The following summary takes note of the whole of the above period. As the 
descriptive matter in the Second Report dealt only with the period from May 9th to August 9th, 1898, 
and as the records contained in the Addenda A, B, 0, D,E covered a large interval of time (August 9th 
to December 31st, 1898) it will be necessary to collect all the figures together and to summarise the 
results as a whole. 

It is of advantage first to give the chief results! obtained in the form of tables and then to 
make certain comments thereon. 

But before doing so, it is desirable to state in a few sentences what the contents of the Second 
Report were. It will, of course, be impossible to summarise all the different sections, and for 
information under the headings not dealt with in the following pages reference must be made to 
the Report itself. 

CONTENTS OF SECOND REPORT. 



A. — Introdx-ction. 

B. — Summary of Contents op First Report 



I. — The Biological Treatment op Sewage. 

II. — General Results obtained (May 9th to August 9th, 1898). 

III. — Summary op Results shewn in Table I. — 1. Total number of Bacteria. 2. Number of 
Spores of Bacteria. 3. Number of Liquefying Bacteria. 4. Species of Micro-organisms. 
(a) B. Enteritidis Sporogenes (Klein), (b) B. Coli Communis, (c) Other species of 
Bacteria. 

IV. — Tables and Diagrams dealing with the Results of the Bacteriological Examination 
OF the Crude Sewage, op the Effluents from the Coke-beds; and op the 
Effluent from the Chemical Precipitation Works, and op Samples of Thames "Water. 

V. — Description of some op the Bacteria pound in the Crude Sewage, and in the Effluents 
from the Coke-beds. 1. B. Coli Communis. 2. B. Mesentericus. (a) B. Mesentericus 
E. (b) B. Mesentericus I. 3. Sewage Proteus. 4. B. Frondosus. 5. B. Fusiformis. 
6. B. Subtilissimus. 7. B. Subtilis. Sewage variety A. Sewage variety B. 8. B. Mem- 
braneus Patulus. 9. B. Capillareus. 

VI. — Description of Micro-photographs and Diagrammatic Drawings accompanying the 
Report. 

VII. — Addenda A, B, C, D, E. — Further Bacteriological Records (August 9th to December 
31st, 1898.) 

* Bacterial treatment of crude sewage (Second Eeport.) Experimental intermittent treatment of London 
crude sewage in the coke-beds at Crossness. (P. S. King and Son, 2 and 4, Great Smith-street, Westminster, S.W.) 

f The figures are not strictly comparable with those given in the First Report, because in order to obtain 
corresponding samples of the raw sewage and of the effluents from the coke-beds, a somewhat longer interval 
elapsed between the time of the collection of the samples of crude sewage and their subsequent examination 
than was the case during the earlier portion of the enquiry. 
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of STJore^of^L^cSTsfSf ' fr^ '"I?*^ I' ''^'''^' (1) *«*^1 ^^^^^^ «f ^^^t^^a, (2) number 
«;nr^P« n? Ti .tT'r^^ "" "^ liquefymg bacteria, 4) number of B. coK, and (5) number of 

rSxf oflbe stt?Ero7rLr" *'^"^'*''^ r'^. ~rised. Both tbe Records Contained in 
the text of *^^ f ^^P^"J/^eP°rt ?nd those given m the Addenda A, B, C, D, E, are here dealt with. 

ihe necessity of collecting these figures together, and making brief comments thereon will 
make the sun^nary less concise than it would otherwise have been ^"^°ienxs xnereon, wiii 



(a) Total Number of Bacteria in 1 



c.c. 





Date. 


Crossness 


Effluent from 4 ft. 


Effluent from 6 ft. 


Effluent from 6 ft. 






crude sewage. 


coke-bed. 


primary 
coke-bed. 


secondary 
coke-bed. 


i-H 


1898. 
r May 11 


3,930,000 


4,800,000 






§D 


■!8 


3,670,000 


4,100,000 






P. 


25 


6.400,000 


6,100,000 






-£ 


June 9 


6,500,000 


1,200,000 






o. \ 


15 


4,000,000 


5,300,000 






•b9 


22 


9,100,000 


3,000,000 








July 20 


12,800,000 


9,200,000 






^3 

8 

ft) 


27 
August 4 


7,200,000 
4,200.000 


1,800,000 


6,600,000 




GQ 


'^ 9 


3,600,000 


... 


1,700',000 






( ^^ 


5,800,000 


3,466',000 






< 


24 
September 14 


4,100,000 
8,000,000 


3,400,000 


6,7d0,000 




21 


8,600,000 




7,200,000 




^ 


28 


7,500,000 


7,500,000 






-s 


October 5 


10,500,000 




8,000,000 




-5 


12 


4,000,000 


4,200,000 






^ 


21 


8,000,000 


• • * 


15,800,000 




f' 


26 


5,200,000 






3,100,000 


& 


November 9 


7,800,000 


8,800,000 






f^ 


16 


5,800,000 




5,300,000 




t3 


23 


8,600,000 




... 


4,500,000 


8 


30 


13,500,000 


5,466',000 








December 7 


5,600,000 




4,000,000 






14 


19,500,000 






6,300,000 




^ 21 


7,400,000 


6,300,000 








Averages 


7,357,692 


4,966,666 


6,787,500 


4,300,000 






(26 samples) 


(15 samples) 


(8 samples) 


(3 samples) 




Percentage reduci 


ion (as compared 


32 per cent. 


7 per cent. 


41 per cent. 




with the raw 


sewage). 










bacteria in 
when the 
somparative 
s obtained 
he 4 ft., 6 ft. 
ft. (secon- 


6,973,333 ) 
(16 samples cor- ( 
responding to ( 
4 ft. samples. 


4,966,666 

28 per cent. 

reduction. 








6,675,000 ) 










■5 i t ^tL -^ 


(8 samples cor- / 
responding to > 
6 ft. primary 1 




f 6,787,500 
( slight increase. 






a «> ^ ^ - i 

hn CU -1 03 □ ^"^ 


samples.) ) 
11,100,000 \ 










(3 samples cor- j 






r 4,300,000 




g a :s s^'f^ ^ 


responding to > 




... 


< 61 per cent. 




g ,j:J c3 S O Pw =f 
^ -p 03 |E ;h ^.-•nD 


6 ft. secondary I 






( reduction. 




<j >. 


samples.) ) 









The table shows that the total number of bacteria in the crude sewage (26 samples), the 
effluent from the 4-foot coke-bed (15 samples), the effluent from the 6-foot primary coke-bed (8 
samples), and the effluent from the 6-foot secondary coke-bed (3 samples) averaged 7,357,692, 
4,966,666, 6,787,500, and 4,300,000 per c.c. respectively. The percentage reduction of bacteria in 
the effluents being 32, 7, and 41. The average number of bacteria in the 15 samples of crude 
sewage corresponding to the 4-foot coke-bed effluents was 6,973,333. In the eight samples corres- 
ponding to the 6-foot primary coke-bed effluents the average was 6,675,000. Lastly, the three 
samples of crude sewage corresponding to the 6-foot secondary coke-bed effluents yielded on an 
average 11,100,000 bacteria per c.c. Calculated from these figures, the percentage reduction of 
bacteria was 28 as regards the 4-foot coke-bed effluents ; no reduction, but a slight increase as 
regards the 6-foot primary coke-bed effluents, and 61 per cent, in respect of the 6-foot secondary 
coke-bed effluents. 

As a rule a rise or fall above or below the mean in the number of bacteria in the crude 
sewage was associated with a similar increase or decrease of microbes in the corresponding 
effluents. Thus, as regards the crude sewage and 4-foot coke-bed effluents, there was a corres- 
pondence in this respect on 11 occasions out of 15 ; and as regards the raw sewage and 6-foot 
primary coke-bed effluents this correspondence was observed in all the eight samples. The records 
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of the examination of the 6-foot secondary coke-bed effluents are too ^ ^^/^ ^^^^^^^t° ^"°^ °J 
useful conclusions being drawn, but here also the same agreement occurred, /he above m^t not 
be taken as meaning that the percentage deviation from the mean showed any parallelism as 
regards the crude sewage and corresponding effluents. . ,. ,. „ „,, -n^^ 

So far as a diminution in the number of bacteria may be taken as an indication of purifica- 
tion, it must be admitted that the above results are not satisfactory And if they ^e unfavourable 
from the point of view of percentage reduction effected, still less are they favourable when 

indeed bv the actual state of the effluents. „ , , . t. j.„« •„ j-i, 

^ It is noteworthy that the reduction in the number of bacteria was much greater in the 
effluent from the 4-foot coke-bed than in the effluent from the 6-foot primary coke-bed, and was 
nearlv as much as in the effluent from the 6-foot secondary coke-bed._ 

Possibly the records as regards the 6-foot primary coke-bed indicate a retrogade change. 

Since the coke-beds are intended to encourage the life processes of bacteria it might be 
urged that an increase, or, at all events, the absence of a marked decrease m the numbar_ of 
bacteria in the effluents is of little importance. Further, that it may even be a desirable thing 
that an effluent only partially purified should carry with it the bacteria which have been engaged 
in the work of purification in order to complete their work. There may be truth m these conten- 
tions, but as experience has shown that the bacterial beds which yield the best chemical results 
Vield also the best results bacteriologically, and as river water already contains al the necessary 
ger.ms of putrefaction and nitrification, it would seem to be undesirable to discharge with an 
Affluent countless germs of a kind to be associated with the recent evacuations of animals. More- 
over, some of these micro-organisms are pathogenic, and doubtless many of them, although perhaps 
slowlv working in the direction of purification, are, in a sense, intruders, since the work could 
probably be more efficiently carried out in their absence by other and unobjectionable bacteria. 

As regards the value to be assigned to the estimation of the total number of microbes, it 
mav be said that the greater the number of micro-organisms m a liquid containing a mixed 
bacterial flora the more likely is it that some of them are of a harmful nature. But further than this 
the prolonged investigations carried out in this enquiry as regards the species of microbes and 
their relative numbers give to the above figures a special and peculiar value. 1 or while there is 
no fi:s:ed proportion between the total number of bacteria, and, for example, the number of proteus- 
like germs, of B. eoli and of spores of B. enteritidis sporogenes, it has been abundantly shown that 
with a samvle of effluent or rmv sewage, containing an average number of microbes, say three to nine 
millions per c.c. , the number of " seivaae proteus " of B. coli and of spores of B. enteritidis sporogenes is 
likely to be not less than 100,000 ; at least 100,000, and usually more than 100 respectively. Further, 
that more than one-tenth of the bacteria are likely to be " liquefiers," and only about one in 20,000 

present as spores (aerobes) . t «. • t i j. i 

As the bacterial composition of London crude sewage does not differ widely from the raw 
sewage of most other towns, it is believed that these records have a wide range of usefrdnesji At 
the risk of repetition it may be pointed out that their bearing on the bacterioscopic examination 
of potable waters is very important. 





H) 


Number of Spores of Aerobic Bacteria in 1 c.c. 




Date. 


Crossness crude 
sewage. 


Effluent from 4 ft. 
coke-bed. 


Effluent from 6 ft. 
Ijrimary 
coke-bed. 


Effluent from 6 ft. 
secondary 
coke - bed. 


c4 


( 1898 












May 11 


460 


260 






^ 


18 


300 


140 






n 

P^ 


25 


370 


380 








June 9 


560 


230 






° ^ 


15 


180 


300 








22 


310 


60 






^ 


July 20 


400 


430 




... 


§ 


27 


870 




480 




2 


August 4 


280 


220 i 


... 


CO 


/ 9 


340 




300 




..-. 


19 


220 


200 






d 


24 


170 




180 




a 


September 14 


* 


* 




... 


1 


21 


250 




190 




S 


28 


260 


490 






n3 


October 5 


200 




130 




<l 


12 


320 


240 






-g '' 


21 


340 




420 




o 

Ph 


26 


200 






220 


tf 


November 9 


150 


140 






•n 


16 


240 




180 




a 
o 


23 


510 






320 


o 

0) 


30 


440 


310 






-.M 


December 7 


70 




170 






14 


800 


' 




420 




21 


270 


140 








Averages ... 


340 


2,i2 


256 


320 






(25 samples.) 


(14 samples). 


(8 samples). 


(3 samples). 




Percentage reduct 


ion (as compared 


25 per cent. 


24 per cent. 


5 per cent. 




with the raw 


sewage). 









* The rapid liquefaction of the gelatine prevented accurate counting. 
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(6) Number of Spores of Aerobic Bacteria in 1 cc— continued. 



Date. 



Crossness 
crude sewage. 



Effluent from 4-ft. 
coke-bed. 



Effluent from 6 ft. 
primary 
coke-bed. 



Effluent from 6 ft. 
secondary- 
coke -bed. 



o u 
u a "^ 

a.s 

^ ii. 
a 



( 



a ts " X. 

S 00 2 rrrj g 






^ O '" 



_ ^3 rrt rP £> C3 



<j 



CO -P O *w ^^^^ 



322 

(14 samples, cor- 
responding to 4ft. 
samples). 
310 
(8 samples corres- 
ponding to 6 ft. 
primary samples) 
503 
(3 samples cor- 
responding to 
6 ft. secondary 
samples) . 



252 

21 per cent, 
reduction. 



256 

17 per cent, 
reduction. 



320 

36 per cent, 
reduction. 



Tlie table shows that the number of spores of bacteria in the crude sewage (25 samples), the 
effluent from the 4-foot coke-bed (14 samples), the effluent from the 6-foot primary coke-bed (8 
samples), and the effluent from the 6-foot secondary coke-bed (3 samples), averaged 340, 252, 256, 
and 320 per cc. respectively. The percentage reduction in the effluents as compared with the 
crude sewage being 25, 24, and 5. The average number of spores in the 14 samples of crude 
sevage corresponding to the 4-foot coke-bed effluents was 322 ; in the 8 samples corresponding to 
the 6-foot primary coke-bed effluents, 310; and in the 3 samples corresponding to the 6-foot 
secondary coke-bed effluent the average was 503. Calculated from these figures the percentage 
reduction in the number of spores of bacteria was 21 as regards the 4-foot coke-bed effluents, 17 as 
regards the 6-foot primary coke-bed effluents, and 36 in respect of the 6-foot secondary coke-bed 

effluents. • • xi. 

Usually a rise or fall above or below the mean in the number of spores of bacteria m the 
raw sewage was associated with a similar increase or decrease in the number in the corresponding 
effluents. Thus as regards the crude sewage and 4-foot coke-bed effluents there was in this 
respect a relation between the two in 11 out of 14 samples ; and the raw sewage and 6-foot pnmary 
coke-bed effluents showed a similar correspondence in six out of eight comparative samples. Ihe 
same relationship was noticed with reference to the 6-foot secondary coke-bed effluents, but here 
only three samples were examined. ,-, j^ -, 

So far as may be judged from a rise or fall above or below the mean the figures show no 
distinct parallelism between the total number of bacteria and the number of spores of bacteria in 
the case either of the crude sewage or of the effluents from the 6-foot primary coke-bed. But as 
regards the 4-foot coke-bed effluents there is evidence of a distinct relation. 

It will be understood that in the above remarks, when mention is made of a relationship, it 
does not imply a parallelism as regards fereentage deviation from the mean t,,,+p,,-. 

In the Second Report it was shewn that the percentage reduction m the number of bacteria 
and the number 0? spores of bacteria in the 4-foot coke-bed effluent as compared with the crude 
Lwage was 27-7 and^38 respectively. Here and when dealing with a larger number of records 
i e fncludine those given in Addenda A and C, as well as those contained m the body of the 
Report, the filuresar! slightly different, being in the first case 32 per cent, and m the second 

harmless .^ ^ -^ ^ the number relative to the to^l 

Altnougn tne acxuai nimiuc ^ 26 samrales above recorded for every microbe 

number of bacteria is very small, ^tus in the 2b samples aDo .^.^ ^^^^^^ 

present in the X'?:^f^\X\::Xh ^^^^^^^^ of bacteria in sewage 

18 not m all probability to be ^^^ff/.^'I;" ^,^^^3 and continued multiplication of the micro- 
capable of forming spores, but also ^P J^ J*^^. ^Jf mbulum. In the case of effluents from 
organisms in the presence «^,f ,,^^,^f ^Sler re^^^^^^^ «P°^^^ °* ^^^^^^ ^ 

bacterial beds it is conceivable ^f.^.^^^^^^S bacteria, or an actual increase in the number 
compared with the reduction m the total JTSude sewage m ght be a good rather than a bad sign 
of spores in the effluent as '^°^P^^^'1,^^\*7 ^™„'i''J exhausted and the conditions for bacterial 
as indicating that the organic P^^^^^^^XT t^f orTs^re^^^^^ escape extinction, 

life so unfavourable as *« ^-^ the microbe^^to ^--/^J^tL^acteriologfcal examination of soils I 
In my reports to the ^^^^^^ ^^^J!^"",?^ ^°^ter of spores very llrge, but also that they are 
have shewn that m surface J"^ « ^jj J^^^g,^ of bacteria. %hus iZsoils it is common to find the 
very numerous m relation to the total ™oei o bacteria— 1 :2:1:3;1:4;1:5;1:6;1:7; 
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cause is usually to be found in the presence of an excess of moisture and also of organic pabulmn.| 
Although the number of bacteria capable of forming spores in soils is peculiarly great, it is 
probable that the majority of these form spores only when there is a deficiency in the amount of 
liquid organic pabulum and when the physical conditions are unfavourable. 

It is, perhaps, permissible to hazard the conjecture that an increase (actual or relative) in 
the number of spores of bacteria in effluents from bacterial beds is possibly a favourable sign. Yet 
surmises such as the above are best received with caution, especially as they are to some extent 
founded on a comparison between a liquid (sewage) in the one case and a solid (soil) in the other. 

Certainly, however, it is a point worth noting that in soils the ratio of spores to bacteria is 
commonly more than 1 : 10 and in sewage less than 1 : 10,000. Waters, it may be added, differ 
rather widely in this respect, but they always approximate niuch more closely to the ratio found 
in sewage than to that found in soil. 

(c) Number of Bacteria causing Liquefaction of Gelatine in 1 cc. 







Crossness 


Effluent from 4 ft. 


Effluent from 6 ft. 


Effluent from 6 ft 




Date. 


crude sewage. 


coke-bed. 


primary 
coke-bed. 


secondary 
coke-bed. 




1898. 










CO 


/ May 11 


400,000 


1,300,000 


. * . 


... 


§D 


18 


100,000 


700,000 






ca 


25 


900,000 


700,000 








June 9 


1,400,000 


200,000 






§ 


15 


800,000 


1,100,000 




... 


& 


22 


900,000 


600,000 


.. ■ 




Ph 


July 20 


1,700,000 


1,000,000 


• . . 




1=1 


27 


900,000 




300,000 




8 


August 4 


400,000 


o00",000 


• • * 




02 


V. 9 


1,100,000 




200,000 






f ^9 


600,000 


400,000 








24 


600,000 




i,i66',ooo 




Sepcember 14 


700,000 


766',ooo 






21 


1,200,000 




i,i6o',ooo 




a 


28 


1,200,000 


i,266',ooo 






S 


October 5 


2,400,000 




600,000 






12 


700,000 


1,200,000 


... 




21 


1,000,000 


• ■ > 


1,000,000 




o 


26 
November 9 


700,000 
1,900,000 


i,466',ooo 


... 


500,000 




16 


1,600,000 




1,500,000 




ii 


23 


900,000 




... 


4o6jooo 


P4 
o 


30 


900,000 


500,000 








December 7 


1,400,000 


... 


900',000 




i/U 


14 
21 


1,400,000 
2,200,000 


600,000 




i,66o,ooa 




Averages... 


1,076,923 


806,666 


837,500 


833,333 






(26 samples) 


(15 samples) 


(8 samples) 


(3 samples^ 




Percentage reduct 
with the raw 


iou (as compared 
sewage) 


25 per cent. 


22 per cent. 


22 per cent. 




bo P i A » jj / 


986,666 ^ 
(15 samples cor- ( 


806,666 

1 O 1 








■^ S P c3 . ^ <B 


responding to C 
4 ft. samples) ) 


18 per cent, 
reduction 








1,275,000 ^ 

(8 samples cor- i 

responding to > 

6 ft. primary l 




r 837,500 
< 34 per cent. 






,n 3:3 S § 1 




( reduction 






samples) ) 










«.s^gs«l 


1,000,000 \ 










illil^i 

<1 I 


(3 samples cor- i 
responding to > 
6 ft. secondary i 
samples) ) 





... 


r 833,333 
< 16 per cent. 
( reduction 



The table shows that the number of liquefvinff bacteria in the m-nrlo c^-,,r„„„ /oc i \ 

the effluent from the 4-foot coke-bed (15 samples)! thVefflueTt L'^\ZtioT;!^Z '^^i 

80fiS ?4S ^^"/SsT^^/™"^ *^^ ^-^°°* ^^'^r'i^S^ '^"te-bed (3 samples) av£Lge7l 076 S 
806,666, 837,500, and 833,333 per c.c. respectively. T^he percentage reduction in the nSer of 
liquefying bacteria in the effluents being respectivelv 25 22 and 99 Tl^l » number or 

liquefying bacteria in the 15 samples li crude sewag^' coLsnondfn^ to thTf f ^i^'ll 
effluents .was 986,666. In- the 8 sa V -responding^reTZ^p^U USed TffluSt 
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the average was 1,275,000, and in tlie 3 samples corresponding to the 6-foot secondary coke-bed 
effluents 1,000,000. Calculated from these figures the percentage reduction of liquefying bacteria 
Tvas 18 as regards the 4-foot coke-bed effluents, 34 in respect of the 6-foot primary coke-bed 
€ffluents, and 16 as regards the 6-foot secondary coke-bed effluents. 

Usually a rise or fall above or below the mean in the number of liquefying bacteria in the 
crude sewage was associated with a similar increase or decrease in the number in the corresponding 
affluents. Thus as regards the crude sewage and 4-foot coke-bed effluents, in 10 out of the 15 
«xpenments there was a correspondence, and in the case of the 6-foot primary coke-bed effluents, 
4 out of the 8 samples corresponding to the crude sewage showed a similar relationship. Only 
3 samples of the effluent from the 6-foot secondary coke-bed were examined ; these in each case 
were related to the raw sewage in the above sense. 

So far as may be judged from a rise or fall above or below the mean, the figures show a 
certain parallelism between the total number of bacteria in the crude sewage and the number of 
liquefying bacteria, and lastly between the number of spores and liquefiers. 

As regards the 4-foot coke-bed effluents there is evidence of a distinct relation between the 
-total number of bacteria and spores of bacteria, the total number of bacteria and the number of 
liquefying bacteria, but little or none between the number of spores and number of liquefiers. 

With respect to the 6-foot primary coke-bed effluents there is no definite correspondence 
between the total number of bacteria and either the number of spores of bacteria or the number of 
liquefiers ; and the spores and liquefiers show, if anything, an inverse relation. 

It is to be noted that the number of liquefying bacteria was less in the effluents from the 
4-foot coke-bed than in the effluents either from the 6-foot primary or 6-foot secondary coke-beds. 

The exact value to be placed on the determination of the number of liquefying bacteria is 
difficult to judge of. At one time it was thought that the greater the number of liquefying 

bacteria in a water the more dangerous was the nature of the contamination, and the morel unfit 
the water was for domestic use. But as many objectionable bacteria (e.g., B. coli) do not liquefy 
gelatine and many pure waters are rich in liquefying microbes of a harmless nature, this test fell 
into comparative disfavour. When, however, the character of the liquefying bacteria in the 
substance under examination is taken into consideration, the position of things is somewhat altered. 
Thus in 14 samples of crude sewage and effluents there were present at least 100,000 gas-forming 

" sewage proteus "* per c.c. So that it may safely be said that at least one-tenth of the numerous 
liouefying bacteria in sewage are proteus-like in character. And as some of the strains of this 

■" sewage proteus " isolated from the raw sewage and the effluents were found to be very virulent, it 

may be added that crude sewage and effluents from bacterial coke-beds are not only rich in 
liquefying bacteria, but that they contain liquefying germs in great abundance which are very 

objectionable in kind. 

In conclusion it is worthy of note that the ratios of spores and of liquefiers to the total 

number of bacteria in the crude sewage and effluents are as follows — 

Crude sewage (26 samples) — Ratio of spores (aerobes) to 

total number of bacteria ... ... ... = 1 : 21,640 

4-foot coke-bed effluent (15 samples)— Eatio of spores 

(aerobes) to total number of bacberia ... ... = 1 : 19,709 

6-foot primary coke-bed effluent (8 samples)— Ratio of 

spores (aerobes) to total num,ber of bacteria ... = 1 : 26,513 

6-foot secondary coke-bed effluent (3 samples)— Ratio of 

spores (aerobes) to total number of bacteria ... ^ 1 : 13,436 

Crude sewage (26 samples) — Ratio of liquefiers to total 

number of bacteria ... ... ••• ••■ = 1 : 6'8 

4-foot coke-bed effluent (15 samples) —Ratio of liquefiers to 

total number of bacteria ... ... ... = 1 : 6'1 

6-ibot primary coke-bed effluent (8 samples)— Ratio of 

liquefiers to total number of bacteria ... ,., == 1 : 8"1 

6-foot secondary coke-bed effluent (3 samples) — Ratio of 

liquefiers to total number of bacteria ... ...=1:5-1 

These results would seem to indicate that the result of the bacterial treatment of the raw 
sewage in the coke-beds was to effect an increase in the number of spores and of liquefiers relative 
to the total number of micro-organisms in the case of the 4-foot and 6-foot secondary beds and to 
bring about a decrease in the number of spores and liquefiers relative to the total number in the 
case of the 6-foot primary coke-bed. In the Second Report it was stated that the percentage 
reduction of spores was greater than the reduction of the total number of micro-organisms in the 
4-foot coke-bed effluent as compared with the crude sewage. The figures, however dealt only 
with the period extending from May 9th to August 9th, whereas the above records mclude as well 
hose given in Addenda to the Second Report— i.e., the results obtained between August 9th to 
December Slst, 1898. 



* This micro-organism is fully described in Section V., Division IT., of Second Eeport. 
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(d) Number of B. Con or Closely Allied Forms in 1 c.c. 



Date. 


Crossness 
crude sewage. 


Effluent from 4 ft. 
coke-bed. 


Effluent from 6 ft. 
(primary) 
coke-bed. 


Effluent from 6 ft. 

(secondary) 

coke-bed. 




1898. 










CM 


/ May 11 


None in 0-00001 c.c 


200,000 


. .. 


. .. 


IB 


18 


\ 300,000 


200,000 


... 




25 


1,500,000 


700,000 


... 


..* 


PH 


June 9 


200,000 


100,000 




... 


1. 


15 


300,000 


600,000 






^ 


22 


300,000 


300,000 




... 


« 


July 20 


300,000 


300,000 






-d 


27 


500.000 




600,000 


. . . 


8 


August 4 


200,000 


300,000 




. .. 


w 


[ 9 


1,000,000 


... 


200,000 






/ 19 


100,000 


None in 000001 c.c. 


. • . 




P 


24 


300,000 




400,000 


... 


September 14 


600,000 


4od,boo 









21 


1,600,000 




700,000 






28 


1,000,000 


900,000 






s 

r^ 


October 5 


1,200,000 




1,300,000 




"d 


12 


800,000 


500,000 






21 


800,000 




800,000 


... 




26 


None in 000001 c.c. 






None in O'OOOOl c.c. 


o 


November 9 


400,000 


4od,boo 


. • . 


... 


tf 


16 


300,000 




600,000 


... 


"S 


23 


600,000 




••* 


100,000 


§ 


30 


600,000 


200,000 


... 




u 


December 7 


400,000 


... 


2od,boo 




(/J 


14 


400,000 


... 




100,000 




21 


500,000 


600,000 


... 






Averages ... 


600,000 


400,000 


600,000 


100,000 




(in round numbers) 


(24 samples) 


(14 samples) 


(8 samples) 


(2 samples) 




Percentage reduct 


ion (as compared 


33 per cent. 


No reduction. 


83 per cent. 




with the raw 


sewage). 










. coli in 
here the 
with the 
pectively 
Drimary), 
y) coke- 


538,000 ] 
(13 samples cor- 
responding to 
4 ft. samples.) J 


400,000 

25 per cent. 

reduction. 








pq ^% l^U 


762,000 \ 












(8 samples cor- 




r 600,000 






responding to I 


• •> 


< 21 per cent. 






6 ft. primary 




( reduction. 






i §1^ • 


samples.) ) 










ri 1 ° g^« 


500,000 \ 










bo P^ P-< c] 


(2 samples cor- 






r 100,000 




?5 2 § i o^*^" 


responding to I 


... ... 


... 


■< 80 per cent. 
(. reduction. 




S rJ=1 Cj C3 tl PJ 5 
|> -tJ CO CQ SH C3 rQ 


6 ft. secondary 








<1 \ 


samples.) j 









rhe table shows that the number of B. coli in the crude sewage (24 samples), the effluent 
T.i* i °°! f ^e-bed (14 samples), the effluent from the 6-foot primary coke-bed (8 samples), 
J iTTa nn^ ^^°°* ss^-o^'iary coke-bed (2 samples) averaged 600,000, 400,000, 600,000 

and 100,000 perc.c. respectively. The percentage reduction in the effluents as compared with the 
crude sewage being 33, no reduction, and 83. The average number of B. coli in the 13 samples of 
crude sewage corresponding to the 4-foot coke-bed effluent was 538,000; in the 8 samples corres- 
ponding to the 6-foot primary coke-bed effluents 762,000 ; and in the 2 samples corresponding to 
the 6-±oot secondary coke;-bed effluents the average was 500,000. Based on these figures the 
percentage reduction m the number of B. coli was 25 as regards the 4-foot coke-bed effluents, 
21 as regards the 6-foot primary coke-bed effluents, and 80 in respect of the 6-foot secondary 
coke-bed effluents. ■' 

Usually a rise or fall above or below the mean in the number of B. coli in the crude sewage 
was associated with a similar increase or decrease in the number in the corresponding effluente. 
Thus as regards the crude sewage and 4-foot coke-bed effluents there was in this respect a corres- 
pondence between the two in 10 out of 12 samples ; and the raw sewage and 6-foot primary coke- 
bed effluents showed a similar relation in 6 out of the 7 comparative samples. The records as 
regards the 6-foot secondary coke-bed effluents are too few in number to warrant a comparisaa 
being made. -"^ 

_ So far as may be judged from a rise or fall above or below the mean the figures show a 
certain parallelism between the number of B. coli and the total number of bacteria both in the 
crude sewage and in the effluents from the 4-foot and 6-foot primary coke-beds. The records as 
regards the 6-foot secondary coke-bed are too few to allow of useful conclusions being drawn 

It is to be noted that the average number of B. coli in the 6-foot primary coke-bed effluent 
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was greater than the number in the 4-foot coke-bed effluent, and, indeed, showed no difference from 
the raw sewage in this respect. 

The ratio of the number of B. coli to the total number of bacteria in the crude sewage and in 
the effluents is approximately a^ follows — 

Crude sewage (26 samples) — Eatio of B. coli to total number of bacteria = 1 : 12 
4-foot coke-bed effluent (15 samples) — Ratio of B. coli to total number 

of bacteria ... ... ... ... ... ... = 1 : 12 

6-foot primary coke-bed effluent (8 samples) — Eatio of B. coli to total 

number of bacteria ... ... ... ... ... ^1:11 

6-foot secondary coke-bed effluent (3 samples) — Eatio of B. coli to total 

number of bacteria ... ... ... ... . . . == 1 : 43 

These results would seem to indicate that the result of the bacterial treatment of the raw 
sewage in the coke-beds was to effect no material alteration in the number of B. coli relative to the 
total number of bacteria in the case of the 4-foot and 6-foot primary coke-beds and to bring about 
a decrease in the case of the 6-foot secondary coke-bed. In the latter case, however, only 3 
samples were examined. 

(e) Number of Spores of B. Bnteritidis Sporogenes in 1 c.c. 



Date. 



Crossness 
crude sewage. 



Effluent from 4-ft. 
coke-bed. 



Effluent from 6 ft. 
primary 
coke-bed. 



Effluent from 6 ft. 

coke-bed again 

passed tbrough the 

laboratory vessel 

at Crossness. 



Effluent from 6 ft. 
secondary 
coke-bed. 



n 

OQ 

bo 
■£ 

o 

a 

I 
o 



1898. 
f May 11 

18 



June 



July 



Aug. 



H 



IS 

HI 

-< 
I 

§ 
a 



25 

9 
15 

22 



20 

27 

4 
9 



19 

24 



Sept. 14 



21 

28 



Oct. 



Nov. 



12 

21 

26 

2 

9 

16 

28 



30 

Dec. 7 

14 

21 



at least 10 but 

less than 100 
at least 1,000 

at least 100 but 
less than 1,000 
at least 100 
at least 10 
at least 1,000 .., 

at least 10 but 
less than 100 

at least 100 but 
less than 1,000 

at least 100 ... 

at least 100 

at least 10 but 

less than 100 
at least 100 
at least 100 but 

less than 1,000 
at least 1,000 .. 



at least 1,000 

at least 100 but 
less than 1,000 

at least 100 but 
less than 1,000 

at least 1,000 .. 

at least 100 but 
less than 1,000 

at least 100 but 
less than 1,000 

at least 10 

at least 1,000 ... 

at least 1,000 .. 

at least 1,000 .. 
at least 1,000 .. 

at least 10 but 
less than 100 

at least 100 but 
less than 1,000 

at least 1,000 ... 



at least 100 but 
less than 1,000 

at least 100 but 
less than 1,000 

at least 1,000 

at least 100 
at least 10 
at least 10 but 
less than 100 



at least 100 but 
less than 1,000 

at least 100 but 
less than 1,000 

at least 100 

at least 100 

at least 100 
at least 100 

at least 100 but 
less than 1,000 



at least 100 

at least 100 but 
less than 1,000 
at least 100 

at least 1,000 ... 

at least 100 

less than 10 

at least 10 

at least 1,000 ... 

at least 100 

at least 100 

at least 100 but 
less than 1,000 
at least 100 

at least 10 and 

? 100 
at least 1,000 



at least 10 but 

less than 100 
at least 100 

at least 100 

at least 10 
at least 100 

at least 10 

at least 100 but 

less than 1,000 
at least 10 but 

less than 100 



at least 100 but 
less than 1,000 
at least 100 

at least 100 but 
less than 1,000 
at least 100 

at least 100 but 

less than 1,000 

at least 100 ... 

at least 10 
at least 100 
at least 100 but 
less than 1,000 
at least 100 

at least 100 

at least 100 but 
less than 1,000 

at least 10 and 
? 100 

? 10, less than 
100 



at least 100 

at least 10 but 
less than 100 

at least 10 

at least 10 but 
less than 100 

at least 10 

at least 10 but 
less than 100 

effluent from 6 ft. 
primary coke 
bed now turned 
on to 6 ft. 
secondary coke- 
bed 



at least 100 



at least 100 

at least 100 

at least 100 

at least 10 but 

less than 100 
at least 100 

at least 1,000 

at least 10 

at least 100 

at least 10 but 

less than 100 
at least 100 but 

less than 1,000 
at least 100 

at least 10 but 
less than 100 

at least 100 but 
less than 1,000 

? 10, less than 
100 



[7] 



50 

In summarising these results it is to be noted that — 

(1) The number of spores of B. enteritidis sporogenes m the crude sewage and 
effluents varied as a rule from 10 to 1,000 per c.c. Usually there were more than 100. 

(2) The bacterial treatment did not produce any significant alteration m the number 
of spores of this pathogenic anaerobe, and sometimes the number was greater in the effluents 
than in the corresponding samples of crude sewage. Possibly this may be due to the spores 
being stored in the coke-beds and being occasionally washed out. This supposition 
may also explain the observed fact that sometimes the number of spores of aerobic 
bacteria in the effluents was greater than in the corresponding sample of sewage. 
Speaking generally, and dealing only with the experiments where the samples of raw sewage 
and effluent corresponded, and where the absence of B. enteritidis was established in an 
amount of liquid one-tenth less than the quantity in which it was found to be present, it 
may be said that the number of spores of enteritidis was more often observed to be less in the 
effluents as compared with the corresponding sample of crude sewage than vice versa. 

In view of these results, and remembering the virulence of this microbe and its probable 
relation to certain cases of acute diarrhoea in the human subject, it is remarkable that some 
bacteriologists still assert that the effluents from bacterial beds are free from pathogenic germs. 

Another point on which some misconception is evident is the belief that because B. enteritidis 
sporogenes may be present in normal stools its presence in an effluent or in a water supply is of no 
moment. Passing over the fact that its numbers in normal stools are small when compared with the 
great numbers which are found in the excreta of patients suffering from acute diarrhoea, it is as idle 
to assert that because it may be present in normal stools its presence in an effluent or a water-supply 
is of no importance, as it would be tn say that because diplococcus pneum'Onice (one of the most 
pathogenic micro-organisms known) may be present in normal human saliva, its presence elsewhere in 
nature is not fraught with any untoward significance. Moreover, it would seem to be the case that 
although the spores of B. e^iieritidis sporogenes may be found in the large intestine they are usually 
absent from the small intestine, except in cases of acute diarrhoea, when they are present in great 
abundance. 

In the First Report a micro-photograph* is given showing the appearances produced in 
sterile milk when inoculated with a minimal quantity of sewage and thereafter heated to 80 °C for 
ten minutes and cultivated anaerobically at blood-heat. Briefly, the casein is precipitated and 
torn into irregular masses by the copious development of gas, and the whey presents a nearly 
transparent or slightly cloudy appearance. Now, even if we forget that these characteristic 
changes in the milk are microbial in origin, and discard altogether the question of the patho- 
genicity of the micro-organisms concerned in the process, and regard the change in the medium 
merely as a special phenomenon to be associated with the introduction of certain substances as 
opposed to others, the test still remains one of extreme value. For the particulate matter in as 
much as from 100 to 500 c.c. of a pure water does not in point of fact produce these changes when 
added to milk, whereas the addition of as little as ji, to £^„o c.c. of sewage does do so. Nor do 
we know of any substance which is not objectionable in character or which has not been associated 
at some time with matter of undesirable sort which can effect a similar transformation in milk. 

The only possible objection that can be urged against the test is that the fact of B. enteri- 
tidis sporogenes being a sporing anaerobe weakens somewhat its usefulness as an indication of 
recent and therefore presumably specially dangerous pollution. Of course such a contention has 
little or no bearing on the experiments carried out in this inquiry. 

It will be noted that the spores of B. enteritidis often exceeded in number the total number 
of spores of aerobic bacteria. The reason for this probably lies in the fact of B. enteritidis being 
an anaerobe. In nature anaerobic micro-organisms are usually found to be present in the spore- 
form, because doubtless it is but seldom that the conditions are favourable for their anaerobic 
growth, and if they were not capable of forming spores under adverse circumstances they might 
soon lose their vitality and die. Aerobic bacteria, on the other hand, commonly find in nature the 
conditions favourable for their continued growth and multiplication, and so are usually met with 
in the vegetative form. In surface soil, however, as has been already pointed out, the ratio of 
snores to bacteria is very high, because the physical conditions are frequently most unfavourable 
to microbial life. 

On comparing the figures as regards the total number of bacteria and number of spores of 
B. enteritidis no definite correspondence can be made out between the two sets of figures either in 
the case of the crude sewage or in the effluents. In not a few cases when the total number of 
bacteria was large the number of spores of B. enteritidis was small and vice versa. 

It might perhaps have been anticipated that both in the case of the crude sewage and in 
the effluents there would be some measure of correspondence between the number of B. coli and 
the number of spores of B. enteritidis sporogenes. On comparing the two sets of figures it would 
seem that this is not the case ; indeed, if there is any relation at all it is an inverse one. Thus 

dealing in the first place with the crude sewage only it will be noted that 

On ten different occasions the number of spores of B. enteritidis was very high, viz., at 
least 1,000 per c.c. On the corresponding dates the number of B. coli was five times b'elow'the 
average, only twice above, and on three occasions there were present the average number. 

Taking next the five samples in which B. coli was present in great numbers, namely, 
1.000,000 or more per c.c. In the corresponding samples the number of spores of B. enteritidis was 
about the average three times, less than the average once, and above the average once 

Taking next three samples in which B. enteritidis was present m small numbers, 
namely, at least 10 but less than 100 per c.c. On one of these dates B. coli was present in numbers 
exceeding one million per c.c, and in the two other samples B. coli was below the average. 

* Fig. 14— Filtration of Sewage— First Eeport. 
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Next dealing with the ten samples in which B. coli was distinctly below the average, 
namely, those m which the number was 300,000 or less per c.c. In three of these samples the 
number of spores of B enteritidis was over 1,000, five times the number was an aJverage one, and 
in the remaining two the number was below the average. 

Secondly, dealing with the effluents from the 4-foot coke-bed, a similar although perhaps 
less well marked want of correspondence between the number of B. coli and B. enteritidis is 
noticeable. 

The records as regards the other coke-bed effluents are not very numerous and do not lend 
themselves readily to comparisons of the above sort. 

In general summary of these results it may be said that— 

(1) Although the total number of bacteria, the number of spores of aerobic microbes, 
the number of liquefying micro-organisms, the number of B. coli and the number of 
spores of B. enteritidis sporogenes was, on an average, less in the effluents from the coke- 
beds than in the raw sewage, the reduction was not well marked, and frequently the 
number was actually greater in the effluents than in the corresponding samples of "crude 
sewage. 

(2) The 4-foot coke-bed yielded on the whole better results than the 6-foot primary 
and proved nearly as efficient as the 6-foot secondary coke-bed. 

(3) There was no very definite evidence, so far as may be judged from these results, 
of any special selective* process being effected by the bacterial treatment of the sewage 
in the coke-beds, since the bacterial composition of the effluents was very much the same 
as that of the raw sewage. 

(4) The number of microbes, both in the crude sewage and effluents, was always more 
than one million, but usually less than ten million per c.c. ; the number of B. coli and 
spores of B. enteritidis sporogenes was usually more than 100,000, and at least 100, but 
less than 1,000, respectively, per c.c. More than one-tenth of the bacteria liquefied 
gelatine, and only about one in 20,000 was present in the spore form. 

(5) As the bacterial composition of the effluents differed only slightly from the crude 
sewage, so far as this could be judged of by the records which have been enumerated, it 
cannot, in the absence of direct proof to the contrary, be safely considered that the 
effluents from the coke-beds are less dangerous than the raw sewage in their possible 
relation to disease. 

It must, however, be remembered that in the present case there are practical points which 
first of all demand consideration. In this connexion it will not be out of place to quote from 
page 21 of the Second Report. 

Thus in dealing with the general results obtained at Crossness it was said — " It must be 
admitted that the above results are not satisfactory from the bacteriological point of view, 
particularly when it is remembered that an effluent ought to be judged, not only by the percentage 
amount of purification effected, but also by the actual state it is in. Yet it is to be considered that 
these results assume a different complexion when viewed side by side with the chemical data. 

" It has been shown in Division I. of this Report that the percentage purification, as judged 
from the dissolved oxidisable matter removed by the treatment, was on an average 50 per cent, and 
that the suspended matter was entirely removed. It has been stated that the results thus obtained 
surpass considerably those yielded by chemical treatment and appear to justify the claims put 
forward by the supporters of the biological treatment of sewage, especially since, so far as can be 
seen, no nuisance or danger arises as a result of the treatment. 

" In the body of the Report a number of reasons are given, showing that it is unwise in the 
present state of our knowledge to recklessly condemn an effluent on bacteriological ground alone, 
without full knowledge of all the requirements of the case. In the attempt to treat sewage on 
biological lines it is to be noted that the solution of the suspended matter and even the considerable 
destruction of putrescible matters by microbial agencies afford sufficient ground for justifying the 
process, at all events as a preliminary measure. AVhether this preliminary treatment is to be 
supplemented by further treatment, either by passage through other coke-beds, or by land irrigation 
or by any other method, is a matter largely dependent on circumstances. 

" In the present case there are practical points which first of all demand consideration, and 
although it may be most desirable to obtain an effluent chemically pure and bacteriologically 
above suspicion "of danger it is to be thought of that an effluent not altogether satisfactory in one 
or other, or even in both, of these respects may yet fulfil all necessary requirements without passing 
out of the range of practicability. In certain cases it may be imperative to obtain an effluent 
bacterioloo-ically sound, but it does not follow that a similar result is urgently called for in other 
cases as for example, where an effluent is turned into a watercourse which is not used for drinking 
purposes, and which already may contain practically all the bacteria that are found m sewage. 

"It might reasonably be argued that where an effluent is turned into a river already grossly 
polluted and below the lowest level of " intake " for waterworks purposes, the chemical state 
of such effluent was (from the practical point of view, at all events) of possibly even greater 
importance than the bacteriological. Some such state of things pertains m the case of London 
sewage and the river Thames. Here the initial consideration is to avoid fouling the river with 

*That however, some selective process is at work in the coke-beds need hardly be doubted. For 
example, raw sewage contains little or no oxidised nitrogen, whereas the effluents from bacterial beds contain 
Xites! and nitrates often in considerable amount. This alteration m the chemical state of the liquid is brought 
about by nUrHying bacteria, and it is highly probable that these particular microbes multiply and accumulate 
in the coke-beds, and that the effluents from mature coke-beds contamniore nitrifying organisms than the crude 
sewage Some experiments of a tentative character which I have carried out seem to support this hypothesis. 
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putrescible matters to such an extent as to constitute a grave public nuisance From t]ns_ point of 
view it is evident tliat an effluent ricli in putrescible matter is not permissible, but it ^is not a^ 
certain tbat an effluent ricli in bacteria is equally to be condemned on practical grounds 

Methods.— For a description of the various methods employed the Report itselt must be 
consulted (pages 22, 23, 24, 25, 27). Here it is permissible only to give the amouiits of crude 
sewage or effluents to be added to the nutrient media in order to obtain the best results with the 
different processes. • •■ j 

Total number of bacteria-From i^„ to lo;^ c.c Gelatine plate cultures, incubated at 

20 0. 

Spores of aerobic bacteria-From -A to 1 c.c Gelatine plate cultures^ Cultures pre- 

^ ^ " viously heated to 80° 0. lor 10 minutes. 

(Incubated at 20° C.) 

Liquefying bacteria— From n;s^ to BTWo c.c Swr/ace gelatine plate cultures. (Incu- 

bated at 20 0.) 



(Incubated at 20° C.) 

urface gelatine plate c 

bated at 20° 0.) 

■R foli— From -^ to -^ p c Surface phenol (O'OS per cent.) gelatine 

U. COil — D rom 100 oDo TO 10 000 c.c. ... ... ••• ••• " ■' -r /t u j-^j „♦■ ono n x+ 

plate cultures. (Incubated at JO'- 0.)t 

Spores of B. enteritidis sporogenes— jolro 5 r^; iiH' i c-c Milk cultures, heated to 80° C. for 10 

minutes, and cultivated anaerobically. 
(Incubated 37° C.)t 

The Biological Treatment of Seivarje {Section I., pages 18-20, Second Report). 

In speaking of the discoveries which have paved the way towards a scientific knowledge of 
the true nature of putrefactive processes, it was said that — c 1 1 ■ 

" One of the most important discoveries of recent times was that made by Schlcesmg and 
Muntz in 1877. They proved that nitrification, or the oxidation of ammonia to nitric acid, is due 
to the vital activity of bacteria, and thus carried a stage further the important discovery by 
Schwann and Schultze (1839) that micro-organisms are the true agents of decomposition. Later, 
Winogradsky and others described and isolated, in pure culture, nitrifying organisms." 

'' Pasteur, following up the researches of Cagniard and Schwann, demonstrated, in 1857, the 
relation between lactic, acetic, and butyric fermentations and special organisms." 

In discussing the aim and object of the biological treatment of sewage it was pointed out 
that— 

" In nature the following cycle of transformation takes place. Dead organic matter decays 
as the result of the vital activity of bacteria, and ammonia is liberated. The nitrifying orga,msm8 
bring about the oxidation of the ammonia, first to nitrous and then to nitric acid. These acids by 
reaction upon the bases, always present, form nitrites and nitrates, and these nourish the living 
plant. "While the nitrogen is undergoing these changes, the carbon of the organic matter is 
converted into carbonic acid, and the hydrogen mainly into water. To some extent also the 
nitrogen and hydrogen are liberated in the free gaseous state." 

Further, that — 

" The organic matters found in sewage are partly in suspension and partly in solution, and 
sewage contains in itself the necessary living germs for the destruction of ,both these forms of 
organic matter. The aim and object of the biological treatment of sewage is to render soluble by 
microbial agencies the solid matters ; and to split up by the action of living bacteria both the 
matter thus dissolved and organic compounds which were originally in solution into tbeir 
simpler elements. In the final process of purification, these substances should undergo oxidation 
induced by the life processes of nitrifying organisms, and an effluent should be produced which is 
free from putrescible matter and contains only inorganic or mineral substances." 

Two of the most remarkable phenomena to be observed in tbe study of biological coke-beds are 
(1) the almost complete removal of the suspended matters, and (2) the production of effluents 
which, although they usuallj'- still contain a quite appreciable amount of oxidisable organic 
matter, are, as a rule, iiort^jnitrescihle so far, Indeed, as this may be judged of by storing them in 
(a) completely filled and stoppered bottles and (b) partially filled and stoppered bottles. 

It appears quite certain that the non-putrescible character of many effluents from bacterial 
coke-beds is not due to the absence of putrefactive bacteria. This is, of course, very evident from 
the numerous records which have been given of the bacterial composition of the Crossness effluents. 
In particular, the following paragraph (page 27, Second Report) is worth quoting — 

" In experiments 9 and 10 (col. 5, Table I.) it was sought to discover the smallest amoun* 
of crude sewage and of effluent which in broth cultures at 20° 0. would produce growth, indol 
reaction and offensive smell. No growth occurred in either case, when as little as 0,i0000001 c.c. 
was inoculated into the broth ; but when O'OOOOOl c.c. was used, growth occurred both in the case 
ci the crude sewage and of the effluent, and the cultures had an offensive smell and gave indol 
reaction." 

_ Probably the explanation lies, in part at all events, in a change in the character of the 
organic matter still remaining in the effluents. Possibly also the liquid acquires some quality 
inhibiting the putrefactive bacteria from exerting their putrescent effect. 

Some stress was laid upon the fact that in certain cases " it may not be necessary to attempt 
the complete purification of the sewage, the solution of the suspended matters and partial destruc- 
tion of the putrescible matters being all that is urgently called for, as, for example, where the 

* In illustration of such cultures see Plate 1. fig. No. 2, First Eeport. 
t „ „ Plate 1, fig. No. 1, First Report. 

+ .. » Plate 1, fig. No. 14, First Report. 



53 

effluent is of i-elatively small bvilk and is turned into a stream whicli is not used for domes lie 
purposes (as is the case in the lower Thames) or else when the effluent is to be subsequently treated 
by land irrigation." And it was asserted that "the mere solution of the great mass of the 
suspended matters by bacterial agencies, which is, perhaps, common to all the different nrocesses 
at present under trial, is a sufficient vindication of the enormous advantage to be gained by the 
biological treatment of sewage." 

In conclusion reference was made to the systems of sewage disposal advocated by Messrs. 
Scott-Moncrieff, Cameron, Ducat, Dibdin and Thudichum, etc. 

In Table I. (pages 28 to 31) the results were given of the bacteriological examination of 
Crossness crude sewage, the effluent from the 4-foot coke-bed, the effluent from the 6-foot coke- 
bed, and the effluent from the laboratory vessel (effluent from 6-foot coke-bed again treated in the 
laboratory at Crossness). 

Most of the results recorded in this table have already been summarised, but it is worthy oi 
note that besides searching for B. enteritidis and B. coli the attempt was also made to estimate thi- 
number as well as the character of other microbes present in the crude sewage and effluents, and 
that notes under this heading are recorded in the table. 

Thus>, the micro-organism called " sewage proteus "* was found to be present in greai 
numbers (usually more than 100,000 in 1 c.c.) both in the crude sewage and effluents. 

In Table 2 (pages 32-33) the results were shown of the bacteriological examination of the 
effluents from the Crossness and Barking Outfall Works and of the water of the River Thames. As 
regards the effluents from the Barking and Crossness precipitation tanks it may be said that thej 
were no better, if, indeed, they were not worse than aver.age samples of crude sewage. As regardf^ 
Thames water, samples were taken at Grreenhithe and Barking in such a way as to avoid, as far as^ 
this was possible, the influence of sewage discharge. These samples in their bacterial composition 
resembled dilute crude sewage. Samples were also collected high up the river, namely (1) between 
Sunbury and Hampton, just above the intake of the Southwark and Vauxhall Water Company 
(dry weather) and (2) at Twickenham (very wet weather). The former contained 40 gas-forming 
B. coli in 1 c.c. B. enteritidis sporoqenea was present in 300 c.c. (1 c.c. of the culture killed a guinea- 
pig in less than 24 hours), but not in 100 c.c. The latter contained 100 gas-forming B. coli, and at 
least 10, but less than 100 spores of B. enteritidis per. c.c. 

Thus it will be seen that Thames water at Barking and Greenhithe was no better than dilute 
crude sewage, and even as high up as near Hampton and Twickenham showed distinct evidence of 
pollution of the most objectionaMe kind. 

These experiments were undertaken with a two-fold object. 

In the first place to show that the effluents from the chemical precipitation tanks were no 
better, if, indeed, they were not worse than the effluents from the bacterial coke-beds, and secondly 
to demonstrate the fact that Thames water is already grossly polluted, and contains practically all 
the bacteria to be found in the effluents. 

In section V. (pages 33-40) a description was givea of some of the bacteria found in the 
crude sewage and in the effluents from the coke-beds. 

In illustration of the Report there were 14 diagrams, 24 micro-photographs, and 4 diagram- 
matic drawings. 



3.-SUMMARY OF THE CONTENTS OF THE SUPPLEMENT TO THE SECOND RBPORT.f 

In this Report a description was given of the results of the bacteriological examination of 
the deposit which accumulates on the coke of the coke-beds. The Report covered work carried out 

'"'"'AYmJro'f the Siffrom the coke-bed at Barking contained 1,800,000 microbes ; and 
at least 10,000 but less than 100,000 spores of B. enteritidis sporogenes per gramme. Further, 
two mice inoculated with small portions of the deposit died of tetanus. 

Stained as for tubercle, a large number of "acid-fast" bacteria were found m the deposit. 
Other samSes of deposit from the same and from other coke-beds were also found to contain these 
bacteria and w^^^^^^ and effluents from coke-beds were centii ugalised and the deposit 

SeT; simillr result was obtained. Experiments on animals were negative with one exception; 
in this case the animal died of true tuberculosis. 

In conc^-^i-^^t^^^^^^^^^^^^^ ,,, ., ,,e effluents from bacterial beds 

there are certain bacteria which, after being stained with hot carbol fuchsm, resist decolorisa- 

'^'''u^ZlTor^.e^^^t.i'' bacteria cannot, with certainly, be morphologically 

''''''Sr''^t^::^::^:T,^iZ inocmated with the deposit accumulating on the 

1 o i . bicteSal bed died, and presented on examination the appearance of death from 

?£rcliSSrand sections of its organs, when appropriately stained, showed the 

In=S:n o7trSggtggV^ coloured drawing. 

_— ^^^-— ^-^^ charact;;r;ni;i^bacmus is Kiven on p.ges 36 and 

37 of tJ^^gS^p^'l^d Report^^ ^^^^^^ ^^p^^^ ^^^^^ ,, ,he deposit which accumulates on the coke fragments of 
the coke-beds at Crossness. 
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II -THE EXPERIMENTS ON BAOTEEIAL TREATMENT AT BAKKINQ. 

, It will b, re^e^W .h.t i„ the Fi^t Eepo^ 2--'^.™ f^? ^^ tSf ^i:! 

similar experiments carried out at Barking. 

I.-THE COKE AND EAGSTONE BEDS. * 

The beds were four in number, namely, two of coke (coarse and fine), and two of ragstone 

(coarse and fine).^^^ experiments with the effluents as regards their effect «- f^^l^ ^^^^^^ 
elsewhere (experimenti on animals, p. 68), and it will be remembered that the Supplement to th 
Second Report dealt chiefly with the deposit accumulating upon the coke m the coke-beds at 

^^''^'^The efauents were chiefly examined for tlie presence of B. enteritidis sporogenes s^d the results 
obtained in this direction are given in the form of a Table. But on March 16, 1899 a sample of 
Barkinc crude sewage, and thi effluents from the fine ragstone-bed and the fine coke-bed were further 
examined for the tottl number of bacteria and number of B. coh. The remits were as foUows:- 
Barking crude sewage .... 10.000,000 bacteria m 1 c.c. .... 600,000 B. cown 1 c.e. 

Effluent from fine ragstone-bed 4,000,000 bacteria m 1 c.c. . . . 500,000 B. coh m 1 c.c 

(60 per cent, reduction.) (16 per cent, reduction.) 

Effluent from fine coke-bed ... 1,800,000 bacteria in 1 c.c. ... 300,000 5. co^^ in 1 c.c 

(82 per cent, reduction.) (50 per cent, reduction.) 

The following is a Table of the results as regards B. enteritidis sporogenes (Klein)— 
Table 1.— Number of Spores of B. Enteritidis Sporogenes (Klein). 





Barking crude 


Effluents from the coke and ragstone beds at Barking. 


Date. 


Coke. 


Ragstone. 




sewage. 








Coarse. 


Fine. 


Coarse. 


Fine. 


1899 












Jan. 26 


+ -01 and -001 c.c 




-t- -01 and -001 c.c. 




+ -01 ; — -001 c.c. 


Feb. 2 


+ -01 and -001 c.c. 


-1- -01 ; — - -001 c.c. 


+ -01 ; — -001 c.c. 


-t- -01 and -001 c.c. 


+ -01 and -001 c.c. 


9 


+ -01 and -001 c.c. 


+ -01 ; — -001 c.c. 


-1- -01 ; — -001 c.c. 


-1- -01 and -001 c.c. 


+ -01 ; — -001 c.c. 


15 


+ -01 and -001 c.c. 


+ -01 and -001 c.c. 


+ -01 and -001 c.c. 


+ -01 and -001 c.c. 


+ -01 and -001 c.c. 


Mar. 8 


-I- ■01 c.c 


+ -01 CO 


+ -01 c.c 


+ -01 c.c 


+ -01 CO. 


16 


+ -01 c.c 


'— -010.0 




+ -01 c.c 


Apr.13 


+ -01 c.c 


— •01 0.0 1— -01 c.c 


+ •01 0.0 


— •01 c.c. 



The sign + signifies the presence and the sign — the absence of the spores of B. enteritidis 
sporogenes. 

These results are shown in graphic t'oi-m in Diagram 1. 

It might have been anticipated that the fine beds would have produced a significant altera- 
tion in the number of spores of this pathogenic anaerobe. Such, however, was not the case, and 
although the number in the effluents was usually less than in the corresponding samples of crude 
sewage, the reduction was not very well marked, and was not, moreover, a constant feature. 
There did not seem to be any striking difference between the coarse and fine beds, or between the 
two kinds of material (coke and ragstone) as regards the number of spores of B. enteritidis. 



2.— THE DOUBLE COKE-BEDS. 
These coke-beds are known as — 

The primary coarse coke-bed, series A "] 

The secondary „ „ ,, i^ A description of these beds will be found in 

The primary ,, „ „ B ! the Chemical Division of the Report. 

The secondary fine „ „ j 

Erom October IG, 1899, to January 17, 1900, the new beds at Barking were under bac- 
teriological observation. 

The results obtained will be dealt with briefly as follows. — 



Table 



(a) Total Number of Bacteria (gelatine at 20° C). 
TTie number of micro-organisms in the crude sewage and effluents is given in the following 



* A description of these beds will be found in the Chemical Division of the Eeport. 
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Date. 



1899. 
October 

November 
December 



Table 2. — Total number of bacteria in 1 c.c. 



Barking 

crude 

sewage. 



16 

23 

1 

7 

13 

28 

5 

12 

1900. 

January 3 



7,200,000 
5,440,000 
8,800,000 
7,060,000 
3,680,000 
10,400,000 



Effluent from 
primary ooarse 
bed; series A. 



Effluent from 

secondary coarse 

bed; series A. 



Effluent from 
primary coarse 
bed; series B. 



1,700,000 
1,500,000 
2,640,000 



2,880,000 



800,000 

2,000,000 

1,180,000 

1,480,000 
2,240,000 

3,970,000 
1,760,000 



1,070,000 
910,000 
4,800,000 
4,520,000 
2,900,000 



2,000,000 



Effluent from 
secondary fine 
bed; series B 



900,000 

400,000 

2,640,000 
1,000,000 
1,420,000 

2,630,000 
1,220,000 



These results are shown in graphic form in Diagram 2. 
It is to be noted that on four occasions one or other of the effluents contained less than one 
million microbes per c.c, and on fifteen occasions not more than two millions. On November 7th 
tlie effluent from tlie secondary fine bed ( series B. ) contained only 400,000 microbes per c.c, as 
compared with 7,060,000 in the crude sewage, a reduction of over 94 per cent. 

(6) Number of B. Coli or Closely Allied Forms. 

The number of B. coli in the crude sewage and effluents is shown in the following Table 

Table 3. — Number of B. coli, or closely allied forms, in 1 c.c. 





Barking 


Effluent from 


Effluent from 


Effluent from 


Effluent from 


Date. 


crude 


primary coarse 


secondary ooarse 


primary coarse 


secondary fine 




sewage. 


bed; series A. 


bed ; series A. 


bed; series B. 


bed; series B. 


1899. 












October 16 ... 


800,000 


None in -00001 c.c. 


100,000 






23 ... 


200,000 


800,000 






None in -00001 c.c. 


November 1 ... 


1,600,000 


500,000 


500,000 






7 ... 


1,200,000 






200,000 


None in '00001 c.c. 


13 ... 


600,000 




300,000 


None in '00001 c.c. 




28 ... 


200,000 


... 




200.000 


100,000 


December 5 ... 


... 


... 


100,000 


100,000 


None in '00001 c.c. 


12 ... 


... 




100,000 


400,000 


400,500 


1900. 












January 3 ... 




200,000 


100,000 


... 


200,000 


17 ... 




... 


None in '00001 c.c. 


100,000 


None in "00001 c.c. 



These results are shown in graphic form in Diagram 3. 

It will be noted that on seven occasions one or other of the effluents contained no B. coli in 
'00001 c.c. Usually, however, the effluents contained at least 100,000 B. coli per c.c 

Although there was evidence of a reduction in the number of B. coli in the effluents as 
compared with the crude sewage, the large number still remaining in the effluents must be 
regarded as very unsatisfactory from the epidemiological point of view. 

(c) Number of Spores of B. Bnteritidis Sporogenes. 

The number of spores of B. enteritidis sporogenes is shown in the following Table — 

Table 4. — Number of spores of B. enteritidis sporogenes (Klein). 



Date. 



1899 

Oct. 16 

23 

Nov. 1 

7 

13 

28 

Dec. 5 

12 

1900 

Jan. 3 

17 



Barking crude 
sewage. 



Effluent from 
primary coarse 
bed ; 



series , 



Effluent from 

secondary coarse 

bed ; series A. 



c.c. 

+ -1, -01 and -001 
•01 and -001 



•1, 

•1, -01 and -001 
•1, -01 and -001 
•01 ; — -001 
•1 and -01 



c.c. 
+ -land -01;- 
+ -1, -01 and 
+ -1, 



--001 
001 
01 and -001 



+ -01 



•001 



c.c. 
+ -1, -01 and 



■001 



•1, -01; 

•01 ; — -001 



•001 



-01; - 
•01 and 



■001 
•001 



Effluent from 
primary coarse 
bed ; series B. 



Effluent from 
secondary fine 
bed ; series B. 



+ •Ol and •OOl 
+ •Ol 



c.c. 



-l-^land^Ol;— •OOl 
+ •Ol ; — •OOl 
+ •I and •Ol 
+ •Ol and •OOl 
+ •Ol and -001 



+ -01 



+ • land •01:— •OOl 
+ -land -01;— •OOl 

-l-^land'Oi;— '001 

+ •I and '01 
+ '01 ; — •OOl 
+ -01 ; — •OOl 



+ 



•01; - 
•01 



■001 



The sio^n + signifies the presence and the sign — the absence of spores of B. enteritidis sporogenes. 

These results °are shown in graphic form in Diagram 4. 

Although as a rule the effluents contained fewer spores of B. enteritidis sporogenes than the 
crude sewage, the reduction was not very well marked, and, moreover, was not a constant factor. 

It cannot therefore be said that the biological processes at work in the coke-beds efiected any 
Significant alteration in thei number of spores of this pathogenic anaerobe. 
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(d) Concluding Eemakks. 

On November 1st, 1899, B. pyocyaneus* was isolated from i c.c. of the effluent from the 
second coarse bed (series A). It was very virulent, 1 c.c. of a 24 hours broth culture killing 
a guinea-pig in less than 24 hours. The same micro-organism was isolated m pure culture from 
the heart's blood, etc., of the animal. (See fig. 5, Plate II.) • , ^ . n v ^ ., 

On December 6th, 1899, three strains of " seimge proteus were isolated trom xoooo c.c. ot the 
effluent from the primary coarse bed (series B). They all liquefied gelatine very rapidly they were 
actively motile, and produced " gas " in 24 hours in gelatine " shake cultures. One of the strains 
killed a guinea-pig in 24 hours (1 c.c. of broth culture) ; another was not so virulent, ulceration 
occurred tt the site of the inoculation, and the animal recovered ; the third produced only a slight 
local reaction. This latter non-virulent strain of " sewage proteus ' was used to inoculate the Id-teet 
coke-bed at Crossness (see page 75). ■ i ± j £ 

■ On November I'st, 1899,, streptococci xix., xx., and xxa., were isolated trom tooo c.c. 
respectively of the effluent from the primary coarse bed (series A), the effluent from the secondary 
coarse bed (series A), and the crude sewage. (See pages 66 and 67.) ^ , , ,i, , , „ , 

During a considerable period of the enquiry, attention was directed to the study o± the 
thermophilic bacteria. It was suggested to me, by Dr. Gordon, that a comparison of their numbers in 
the crude sewage and effluents might be of value. _ 

These micro-organisms {B. thermopUlus and its allies) have been shown to be present m the 
alimentary canal of human beings and mammals, in sewage, in sewage-contaminated waters, and in 
soil, but not in pure waters. 

It was found that thermophilic bacteria § (capable of growing luxuriantly m broth culture at a 
temperature of 60-70° c.) were present in London crude sewage in abundance. They were also 
present, although usually in smaller proportion, in the effluents from the coke-beds. 

It has been suggested that the presence or absence of these bacteria in a water supply might 
be employed as a test of potability. But, in my experience, thermophilic bacteria are present in 
numbers in soils not recently polluted and are often absent from waters known to be freshly con- 
taminated with objectionable matters, waters, moreover, which, by more reliable and delicate 
bacteriological tests, can readily be shown to be dangerously polluted. 

Certainly the presence of thermophilic bacteria in a water would lead one to suspect gross 
contamination, but their absence could hardly be regarded as testifying to purity or " safety." 

Nevertheless, the test, as a rough indication of the probable biological quality of a liquid and 
as a means of comparing different liquids, e.g., crude sewage and bacterial effluents, is one not devoid 
of value. 



Ill —THE EXPERIMENTS ON BACTERIAL TREATMENT AT CROSSNESS. 
1.— FURTHEE EXPEEIMENTS WITH THE EFFLUENTS FEOM THE 4-FOOT, 6-FOOT 
(PRIMARY), AND 6-FOOT (SECONDARY) COKE-BEDS AT CROSSNESS. 
In the Second Report the bacteriological results were brought up to the end of December, 1898. 
In the early part of the year 1899 some further experiments were carried out with the effluents from 
the 4-foot, 6-foot (primary), and 6-foot (secondary) coke-beds. These took the form of comparative 
determinations of the number of spores of anaerobic bacteria in the raw sewage and in the effluents 
from the coke-beds. 

Number of Spores of Anaerobic Bacteria in Crossness Crude Sewage and in the Effluents 

FROM THE Coke-beds. 
The effect of the bacterial treatment of the raw sewage in coke-beds as regards the number of 
spores of anaerobic bacteria was to a considerable extent covered by the comparative determinations of 
the number of spores of B. enteritidis sporogenes in the raw sewage and in the effluents, carried out 
since February, 1898. Nevertheless, it was considered advisable to supplement those records with a 
series of experiments dealing with the number of spores of anaerobic bacteria of all kinds in the raw 
sewage and in the effluents capable of growing at 37° C. in agar under anaerobic conditions. 



Table 5.— 


Number of spores 


nf anaerobic bacter 


iff in 1 c.c. {_Aga'i 


at 37° 0.1 


Date. 


Crossness crude 
sewage. 


Effluent from 
4 ft. coke-bed. 


Effluent from 

6 ft. primary 

coke-bed. 


Effluent from 

6 ft. secondary 

coke-bed. 


1899. 










January 11 


1,988 


720 


920 


No I'ecord 


18 ... 


304 


380 


424 


224 


25 ... 


424 


516 


2:^2 


336 


February 1 


201 


100 


191 


197 


8 ... 


The growths spre 


ad over the surfac 
accurate 


e of the medium, 
counting. 


preventing 


1.5 ... 


148 


212 


160 


124 


22 ... 


262 


128 


196 


156 



The agar tubes were boiled for half-an-hour, rapidly cooled to 80° C, inocvilated with the sewage or 
effluent, and haatecl to 80'^ 0. for 10 minutes. The contents were next poured into plates, and these were 
immediately placed in an air-tight chamber containing a freshly-prepared mixtui'e of pyrogallic acid and 
potassium hydrate solution. These results are shown in graphic form in Diagram 5. 

* See fig. 5. This micro-organism (B. Pyocijaneus) must not be confused with the ordinary liquefying 
fluorescent hacAWns {B. fluorencens Ur[uefciciens) oi sewage, soil and water. B. fluorescena liquefaciens does not 
grow, or only imperfectly, at blood-heat, and is not virulent ; and differs in a number of other important respects 
from B. Pyocyaneu8. 

§ Figs. 9 and 10 show the morphological appearance of B. Thermopldlus or an allied form. The micro- 
organism represented in the micro-photographs was isolated from Ltndon crude sewage : it grew luxuriantly at 
a temperature of 60-70° C. 
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_ Excluding the results obtained on January llth, as tlie figures are abnormally Ligh, and 
there is no record on that date for the 6-foot secondary coke-bed, the averages are as follows — 

Average number of spores of anaerobic bacteria in five samples of Crossness crude sewage, and 
in five comparative efiluents from the 4-foot, 6-foot (primary), and 6-foot (secondary) coke-beds, 268 ; 
267; 240; and 207 per c.c. respectively. \ JJ > 

It will be seen from these results that the bacterial treatment of the crude sewage in the 
coke-beds did not efiect any marked alteration in the number of spores of anaerobic bacteria. Indeed 
the number in the effluent from the 4-foot coke-bed was practically the same as in the raw sewage, and 
in the case of the effluents from the 6-foot (primary) and G-foot (secondary) coke-beds the reduction 
was only 10 and 22 per cent, respectively. 

Pressure of other work for the Council made it impossible to study fully the morphological 
and biological characters of the different kinds of anaerobic bacteria isolated in pure culture from the 
anaerobic agar plates ; and the notes under this heading are of too fragmentary a character to make 
it advisable to place them on record. So far as could be made out there was no difference as regards 
species of microbes between the anaerobic cultures made from the crude sewage and those made from 
the effluents from the coke-beds. 

The appearance presented by the colonies (superficial and deep) imder a low power of the 
microscope is shown diagrammatically in Plate V., fig. C. So far as could be judged by observation 
under a low power of the microscope and by making sub-cultures the number of spore-forming 
anaerobes of different species was not great. As regards growth in anaerobic milk culture some of the 
microbes isolated from the agar plate cultures produced precipitation of the casein, with abundant 
development of gas, the whey remaining nearly transparent, or presenting only a slightly cloudy 
appearance ; others produced no visible change even after several days incubation at 37° C. ; 
others again gave rise to an appearance resembling slow peptonization, beginning just below the 
surface, and gradually extending downwards in cylindrical fashion. 

A rise or fall above or below the mean in the number of the spores of anaerobic bacteria in the 
crude sewage was usually associated with a similar increase or decrease in the number of spores of 
anaerobes in the effluents from the 4-foot, 6-foot (primary), and 6-foot (secondary) coke-beds. 

In conclusion, and as an addition to the records of the bacterial composition of Crossness 
crude sewage, it may be worthy of note that the number of spores of anaerobic bacteria (agar at 
37° 0.) in Crossness crude sewage is usually between 200 and 300 per c.c. 

2.— EXPERIMENTS WITH THE EFFLUENTS FROM THE 13-FOOT COKE-BED AT 

CROSSNESS.* 

The chief results obtained will be given under the following headings — 

(a) Total number of bacteria (gelatine at 20° C). 

(b) Number of B. coli or closely allied forms. 

(c) Number of spores of B. enteritidis sporogenes (Klein). 

(d) Number of bacteria capable of growing in agar at 37° 0. 

(a) Total Number of Bacteria (gelatine at 20° C). 
The results as regards the total number of bacteria are given in the following table — 
Table 6. — Showing the total number of bacteria in 1 c.c. 







Crossness crude 


Effluent from the 13 ft. 




Date. 


sewage. 


coke-bed at Crossness. 


March 


1899. 
22 


6,000,000 


2,000,000 


May 
July 

Anfmst; 


U 


4,600,000 


3,000,000 


5 


7,200,000 


16,000,000 


2 


4,110,000 


8,000,000 


September 1 


2,240,000 
3,910,000 


1,940,000 
1,490,000 




13 


11,170,000 


5,040,000 




19 


9,580,000 


6,760,000 




27 


5,000,000 


4,100,000 


October 


4 


4,300,000 


5,320,000 



These results are shown in graphic form in Diagram 6. . ■ .t. 

It is to be noted that the average numbers of microbes m the crude sewage and m the 
effluent from the 13-foot coke-bed were 5,711,000 and 5,364,000 per c.c. respective y. This means 
a redaction of only 6 per cent., the reason being that on July 5th and August 2nd the effluent con- 
tained a much larger number of micro-organisms than the raw sewage. On all other occasions, 
Sh one sceptic? (October 4th), the effluent con amed fewer bacteria than the corresponding 
B™ples of crude sewage. A rise or fall above or below the mean m the total number of microbes 

inS raw sewage was 'coincident with a similar ^-^^^^^l^^^l'llZ^^^^^ 

corresponding samples of effluent on eight occasions. In the lemainmg tHree cases tliis relation- 
ship was not observed. ^ 

^T^eription of this bed will be found in the Chemical Division of the Eeport. ^ ^ ^ 
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(&) Number of B. Ooli or Closely Allied Forms. 
The results, as regards B. coli, are given in the following table— 

Talle 7.— Number of B. coli or closely allied forms per ex. 







Crossness crude 


Effluent from the 13 ft. 




Date. 


sewage. 


coke-bed at Urossness. 




1899. 






Marcli 


22 


100,000 


100,000 


May 


11 


700,000 


200,000 


July 
August 


5 


None in O'OOOOl c.c. 


None in 0-00001 c.c. 


2 


900,000 


400,000 


September 1 


400,000 


200,000 




7 


300,000 


100,000 




13 


500,000 


900,000 




19 


1,900,000 


900,000 




27 


500.000 


300,000 


October 


4 


600,000 


600,000 



These results are shown in graphic form in Diagram 7. 

The Table shows that on one occasion the number of B. coli was greater in the effluent from 
the 13-foot coke-bed than in the corresponding sample of raw sewage. In nearly all the other cases 
the crude sewage contained the larger number. jSTevertheless, although on an average the bacterial 
treatment of the crude sewage effected a reduction in the number of B. coli, the number actually 
remaining in the effluents was very large — usually more than 100,000 per c.c. 

(c) Number of Spores of B. Enteritidis Sporogenes (Klein). 
The results, as regards B. enteritidis sporogenes, are given in the following table — 
Table 8. —Showing the number of spores of B. enteritidis sporogenes (Klein). 



Dabe. 



1899. 
March 22 



April 



May 



12 
19 

27 

4 

11 

18 

5 

2 



July 

August 

September 1 

7 

13 

19 

27 

October 4 



Crossness crude sewage. 



•01 c.c 

•01 and -001 ; — '0001 c.c. 
•01 ; — •OOl 
•001 ; - 
•01 and 



+ 
+ 
+ 
+ 
+ 
+ -01; 



•01 
•01 

•1 and •Ol ; 
•1, •Ol and 
•1 and •Ol ; 
•1, •Ol and 
•1, •Ol and 
•1 and -01 ; 
•1 and •Ol ; 



c.c. 
-•0001 c.c. . 
•001 ; — •OOOl 
•001 c.c 
•001 c.c 
•001 c.c 

— •OOl 
001 c.c. 

— •001 
001 c.c. 
001 c.c. 

— •001 

— •001 



c.c 



c.c 



c.c, 
c.c 



Effluent from the 13 ft. coke-bed 

at Crossness. 



+ -01 c.c. 



■01 ; — •OOl c.c. 

•01 ; — •OOl c.c. 

•01 ; — •OOl c.c. 

•01 ; — •OOl c.c. 

•01 c.c. 

•01 c.c. 

•1 ; — •Ol c.c. 



•1 and •Ol ; 
•1 and •Ol ; 
•1, •Ol and 
•1, •Ol and 
•1 and -01 ; 
■1 and •Ol ; 
•1 and •Ol : 



— -001 c.c. 

— -001 c.c. 
001 c.c. 
001 c.c. 

— •OOl c.c. 

— -001 c.c. 

— •OOl c.c. 



the absence of the spores of B. enteritidis 



The sign + signifies the presence and the sign — 
sporogenes. 

These resalts are shown in graphic form in Diagram 8. 

It is to be noted that although the number of spores of B. enteritidis sporogenes was 
frequently less m the effluents from the 13-feet coke-bed than in the corresponding samples of 
crude sewage, the actual number of spores remaining in the effluent after the bacterial treatment 
ot the sewage was very large— usually at least 100, but less than 1,000 in 1 c.c. 

(d) Number of Bacteria capable of growing in Agar at 37° C. 

rr VI T^N ^^^ ^®°°'?'^ ^''P°'''' ^P^^® ^'^ '* ^""^ pointed out that—" In experiments 3 and 5 (col. 5, 
labie i.) the number of bacterial in the crude sewage capable of growing at 37» C in agar was 
fi'^oTono- J^^ ^^mbers were 1260,000 and 1,171,000 per c.c, as compared with 3,670,000 and 
6,400,000 obtained by geatme plate cultivation at 20P C. A similar experiment (experiment 4> 

rinonnn? r? Toa^%tt°\ °"^''"^''^ ?f^' 1,630,000 (agar at 37« C.) as compared with 
4,100,000 (gelatine at 20° C.) bacteria per c.c." 

At the period (May 1898) when these experiments were carried out the pressure of other 
important work prevented a series of experiments being carried out on the abolve lines It, 
however, was considered important to extend these observations at as early a date as possible 
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.r.A .•.,'S® ^ffl'"^!'l''^^^if ^io''. *^' ^"""^^"^ °^ bacteria (agar at 3T« C.) in Crossness crude sewago 
^fiZl^l ^Tf froft^/ 13-foot coke-bed. It also gives, for comparative purposes, tlie number 
of bacteria (gelatine at 20^^ C.) m tlie corresponding samples. f i^ ' 

Table 9.— Showing the number of bacteria {arjar at 37° G. and gelatine at 20° C.) in seven samples 
of Orossness crude sewage, and seven samples of the effluent from the 13 ft. coke-bed. 







Number of bacteria in 1 c.c. 




Date. 


Crossness ci 


ude sewage. 


Effluent from the 13 ft. coke-bed. 




Agar at 87° C. 


Gelatine at 20^^ 0. 


Agar at 37° C. 


Gelatine at 20" 0. 


1899. 

August 2 ... 

September 1 ... 

7 ... 

13 ... 

19 ... 

27 ... 

October 4 ... 


2,660,000 
1,660,000 
1,530,000 
6,830,000 
5,270,000 
2,600,000 
2,510,000 


4,110,000 
2,240,000 
3,910,000 
11,170,000 
9,580,000 
5,000,000 
4,300,000 


2,540,000 
670,000 
930,000 
5,210,000 
4,020,000 
2,400,000 
3,850,000 


8,000,000 
1,940,000 
1,490,000 
5,040,000 
6,750,000 
4,100,000 
5,320,000 



These results are shown in graphic form in Diagram 9. 

The Table shows that the average number of bacteria (agar at 37^ C.) in the crude sewage 
and in the eflSuent was 3,294,444 and 2,802,857 respectively per c.c, showing a reduction of about 14 
per cent. Further, that the average number of bacteria (gelatine at 20" C.) in the crude sewage and in 
the effluents was 5,758,571 and 4,662,857 respectively per c.c, i.e., a reduction of about 19 per cent. 
Comparing the figures 3,294,444 (agar at 37^" C.) and 5,758,571 (gelatine at 20" C.) it is to 
be noted that the difference is 42 per cent., hence more than one-half of the number of bacteria 
capable of growing in gelatine at 208 c. can likewise grow in agar at 378 C. When a similar 
comparison is made as regards the effluents from the 13-foot coke-bed the difference is 39 per cent. 
It is evident from these results that the bacterial treatment of the sewage in the coke-beds did 
not effect any marked reduction in the number of hlood-heat organisms ; indeed, the reduction was 
less as regards these germs than as regards the bacteria growing in gelatine at 20*^ C. 

Although gelatine is doubtless a more favourable medium than agar for the growth of bacteria 
of all sorts, it is not the difference of nutrient medium, but of temperature which chiefly accounts 
for the difference in the numbers under the two sets of conditions. As a matter of fact the number 
of bacteria in sewage capable of growing at 37* C. is both actually very great and is very great also 
in relation to the total number of microbes growing at the ordinary temperature, the reason 
apparently being that so many of the micro-organisms found in sewage are derived from the 
intestinal discharges of animals, e.g., B. coli, which has been shown to be present in numbers 
usually exceeding 100,000 per c.c 

In pure waters the number of " hlood-heat " bacteria is usually small, and their ratio to 
the number of germs growing at the ordinary temperature is likewise small. 

Although a large number of " hlood-heat " bacteria is considered a bad sign, it must not 
be supposed that all the different species of microbes capable of growing at 37*' C. are harmful. 
Many found in sewage and elsewhere in nature are, so far as we know, quite unobjectionable, e.g., 
B. suUilis, B. mesentericus, B. mycoides, etc. On the other hand others are decidedly objectionable 
and may be pathogenic, e.g. B. coli and B. vroteus (certain forms), and some are definitely 
pathogenic, e.g., B. pyooyaneus. In the Second Eeport (page 27) it was stated — "A cultiva,tion of 
B. pyooyaneus isolated from a sample of Crossness crude sewage proved to be extremely virulent. 
Thus 1 c.c. of a twenty-four hours' broth culture (at 37S C.) injected subcutaneously into a guinea- 
pig killed the animal in less than twenty-four hours, and the organism was recovered in pure 
culture from the heart's blood, spleen, etc." ^ , ^ . » , 

On November 1, 1899, B. pyooyaneus* was isolated from ,-5^0 c.c of the effluent from the 
secondary coarse bed (series A) at Barking. A guinea-pig injected subcutaneously with 1 c.c of a 
twenty-four hours' broth culture (at 37" C.) died in less than twenty-four hours, and the same 
micro-organism was isolated in pure culture from its heart's blood. . , . ^, . , 

In the ligbt of this result (apart from the numerous records contained m this and previous 
Reports of equal or greater significance) it is strange that many still consider the effluents from 
coke-beds and in- general from bacterial processes, non-pathogenic x-. , , ,, 

So far as may be judged by a rise or fall above or below the mean, the figures show that both 
as regards the crude sewage and the effluents there was a decided parallelism between the number- 
of bacteria growing in agar at 37* C. and the number growing m gelatine at 20° _C. Similarly, a 
rise or fall above 0? below the mean in the number of bacteria capable of growing m agar at 37^ C. 
in the crude sewage was nearly always coincident with a rise or fall m the number of microbes in 
the corresponding effluents from the 13 -foot coke bed. t,+ • j j • 

In conclusion, and by way of addition to the chief results which have been obtained during 
the progress of the inquiry, it is to be noted that the number of bacteria capable of growing m 
agar% blood-heat in Crossness crude sewage is usually over three millions per c.c and tuore than 
oE-half of the number of microbes growing in gelatine at 20° C. It must be admitted that the 
13 Joot coke-bed at Crossness yielded very unsatisfactory results from the bacteriological point of view. 

' ' * See fig. 5. 
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Thus although the effluents usually contained fewer bacteria and less of B coh and spores of 
R enteritidis sporogenes than the crude sewage, the reduction was not well marked, and, indeed 
was immaterial from the epidemiological point of view, considering the actual numhevshll 
remaining. For, as has been already pointed out the effluents usua ly contained more than one 
million microbes, more than 100,000 B. coli, and at least 100 but less than 1,000 spores of B. 
enteritidis sporogenes per c.c. 



IV.-STREPTOOOCOI IN THE BARKING AND CROSSNESS CRUDE SEWAGE 
AND IN THE EFFLUENTS FROM THE BACTERIAL COKE-BEDS. 

In the First Report* under the heading of "Methods" it was stated that streptococci and 
staphylococci were to be looked for in agar cultures incubated at tlood-heat In the Second 
Re?ortt when dealing with the "species of micro-organisms" it was noted that streptococci and 
staphylococci were present both in the crude sewage and in the effluents from the coke-beds. In 
the present Eeport it is proposed to give the results of the work carried out in this direction. It 
is to be noted that the records extend back to November, 1898. _ • •, ■ m 

Although attention was directed to the study of staphylococci as well as streptococci it is the 
latter class of germs which will be considered here. One reason why staphylococci are considered 
of relatively less importance than streptococci in connection with the work is that the former as a 
class are hardy germs, whereas the latter as a class are delicate micro-organisms, ihe bearing of 
this remark will be shown presently. . • i j 

My chief reasons for considering this portion of the sewage inquiry of special and peculiar 
importance are briefly as follows — 

Speaking of streptococci as a class it may be said that — 

(1) They are among the most pathogenic of all the bacteria which are at present 
known; 

(2) They are delicate germs, and very readily lose their Ivitality and die ; 

(3) They are present in the intestinal discharges of animals. In human fasces there 
may be more than 1,000 present in one gramme ; 

(4) They are absent from water and soiI,§ except in those cases where there has been 
recent contamination with sewage or other substances equally objectionable in character. 

It will present! yf be shown that both in crude sewage and in effluents from coke-beds 
streptococci are present in great abundance — usually more than 1,000 in 1 c.c. — and that the 
bacterial treatment of the raw sewage effected no marked alteration in their numbers. 

Now if the streptococci found in such numbers in the crude sewage and in the effluents are derived 
from the intestinal contents of animals, and are delicate germs, and are also pathogenic, the position 
is a somewhat serious one. 

In the first place, as regards experiments on animals, the records show that the streptococei 
were more often non-pathogenic than pathogenic in the case of mice. Numerous records of the 
effects on mice of streptococci isolated from soil-polluted water, sewage, and sewage effluents which 
I have since obtained and which are not included in this Eeport show that as a rule, and when 
obtained from the above sources, they are not pathogenic. Still it must not be lost sight of that 
the absence of pathogenic effect on mice does not necessarily imply the absence of disease- 
producing property in other animals. Nor does it prove that the streptococci were previously non- 
pathogenic. Further, it is conceivable that some alteration in the conditions surrounding these 
streptococci might, if they had been pathogenic in the past, restore to them all their original 
virulence. 

Speaking in general terms, however, it may be said that the streptococci found in nature 
outside the animal body,_e.g., in polluted soils and water, in sewage and sewage effluents are not 
as a rule pathogenic to mice. 

Secondly, as regards the assertion that streptococci are dcHcate germs and readily lose their 
vitality and die. Although this certainly accords with our experience of streptococci isolated 
from the human subject, particularly in cases of disease and septic infection, it might well be the 
case that some at all events of the streptococci occurring in nature outside the animal body, e.g., in 
sewage, are hardy germs and are capable not only of resisting death, but also of multiplying imder 
favourable conditions. In all probability this is true to some extent, yet it is not without sig- 
nificance that certain of the streptococci about to be described when su'bcultured in gelatine and 
incubated at 20° Q. showed little or no appreciable growth at the end of thirteen days. And some 
of the streptococci that I have isolated from sewage-polluted water, etc., have proved their delicacy 
by refusing to grow when subcultures were not carried out at short intervals. Thus on several 
occasions the study of a streptococcus has been prematurely cut short by the death of the organism, 
btili further it has been a matter of common observation that subcultures made from colonies in 
agar plate cultures of sewage which (colonies) under a low power of the microscope revealed their 
real nature by_ the occurrence of separate loops of cocci at the periphery, frequenily showed no 
growth, ihe microbes (streptococci) having already lost their vitality. In opposition to this it 
might be urged that certain of the streptococci in sewage are in reality hardy germs, but that the 

* Filtration of sewage (First Eeport), page 3, B. 6 (e). 

t Bacterial treatment of crude sewage (Second Eeport), page 27 III 4 (c) 

Board ^ Tiennrf'nf thrMl'*?F.ffi'°'''V'' ^fn '""^ '°" '' ^^^^^ ^^^'^ ^^ "^'^ ^"^ ^^P^^ts to the Local Government 
±ioarcl. Keport ot the Medical Officer, Local Government Board, 1898-9 

T[ In this and succeeding paragraphs I purposely anticipate what jpollowa. 
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nutrient media ordinarily employed by bacteriologists is not tbe most suitable kind of pabulum for 
them it IS to be noted as possibly affording some support to tbis view that if sewage be centri- 
fugalised and the deposit stained* tbe microbes taking tbe stain are not, as might bave been 
anticipated, cbiefly bacillary in form, but appear eitber as cocci or rods, so short and rounded at 
tbeir ends as to simulate cocci. Moreover, tbese cocci are frequently arranged in long cbains (strep- 

Nevertbeless, it may be said with a fair measure of confidence tbat some, at all events, of 
the streptococci in sewage and in sewage effluents are delicate germs, and readily lose their A^tality 
and die. 

Tbe importance to be attached to these observations is great. If in the bacterial treatment 
of sewage micro-organisms of presumably feeble vitality pass through the coke-beds in practically un- 
altered numbers, then there is every reason to fear that those microbes which we know are distinctly 
pathogenic toman, and which may be either habitually present in sewage or present as chance and 
occasional visitors, and some of which are believed to be in comparison hardy germs, would likewise 
be unaffected by the biological processes at work in the coke-beds. 

In previous Eeports I have stated " that the balance of evidence points to the probability that 
some, at all events, of the pathogenic organisms are crowded out in the struggle for existence in a 
nutritive medium, containing a mixed bacterial flora, their vitality being weakened or destroyed by the 
enzymes of the saprophytic species." This broad statement was permissible then, but now, in the light 
of these results, it can hardly be considered altogether satisfactory. 

Lastly, as regards the source of streptococci, it has been said that they are present in the 
intestinal discharges of animals, and are absent from waters and soils except in cases of recent and 
objectionable pollution. It might perhaps be argued that streptococci may have a wide distribu- 
tion in nature, and if so that their presence in a substance, be it soil or sewage or water, is of little 
or no significance. Against this view it may be pointed out that if they are delicate germs it is 
unlikely that they would survive, much less multiply in nature unless the conditions were ideally 
favourable. Further, that" although I have frequently isolated streptococci from as minute a 
quantity of sewage as O'OOl c.c, and of human faeces as O'OOl gramme, I have repeatedly failed to 
demonstrate their presence in comparatively large amounts of pure water and pure soils. || 

These facts have led me to advocate this test (presence of streptococci) as a valuable one in 
the bacterioscopic examination of waters. t Not, indeed, that the absence of streptococci implies 
"safety," but that their presence affords strong evidence of recent and therefore presumably 
specially dangerous pollution. 

In conclusion I venture to assert that this test is of extreme lvalue in judging sewage 
effluents from the biological point of view. And I am strongly of opinion that if an effluent 
contains streptococci in practically unaltered numbers, or even in reduced numbers where such 
reduction is only in the same proportion as the other microbes also present are reduced, then such 
an effluent is, as regards danger to health, no better in the first case than raw sewage and no safer 
in the latter than crude sewage slightly diluted, but otherwise unaltered in its possible capacity of 
giving rise to disease. 

The following is a description of some of the streptococci isolated from London crude sewage 
and from the effluents from the bacterial beds. 

1. Name — Streptococcus I. 

2. Source— t:-^ c.c. Crossness cnide sewage. 

3. Pafe— JSTovember 16th, 1898. . „ . ■,, i . 

4. Morphology— ^isina well by Gram's method. The chains of cocci are usually short. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular)— 

(a) Agar (37° 0.)— Small transparent colonies showing wavy granulation, ihe colonies are 
irregular in shape, and at the edges the loops of cocci can be made out§. 

(6) Gelatine (20° C.)— Small transparent colonies, circular in shape, and faintly granular. 
The edges are clean and no loops of cocci are visible. No liquefaction. 

6. Streak cultures — , . » . .i , 

(a) 4oar (37° C.)- Small transparent colonies, faintly granular. i ,. .■ • 

(6) Gelatine (20° C.)--A white, transparent film-lite growth, which on close observation is 

seen to be made up of separate colonies. Ko liquefaction occurs. ^ • -r 

7 Gplntine at 37° C —No diffuse cloudiness. Plocculent little masses with cirrhus-like extensions.1[ 

S Rrnrt cultures (ZT G )— The broth remains quite transparent. Flocculent masses with cirrhus- 

like extenSons are forced in the fluid. Old broth cultures show at the foot of the tube a white granular 

mass!Themed-um itself being quite transparent. On shaking the tube, granular masses of various sizes 

rise in the clear liquid and rapidly subside again to the bottom + 

""'^^ QV/i3,,«^,7fc r-MZiwres (37° C.)— Strong acidity and solid clot in 24 hours. 

10 BTZZ-lmZe inoculated subcutaneously with 1 c.c. of broth culture remained apparently 
unaffected. 

1. Name— Streptococcus 11. _ •, ■. a „ffl„„„+ 

2 Source-r^ c.c. Crossness 6 ft. primary coke-bed effluent. 

I MZl^l7y-S::iTJlfjar.^'s method. Very short chains as a rule, but occasionally a 

chain of medium length may be found. ^ 

7i:;^,fon th. coke i- «,. coke-bed,, ,S.ppl.«...t to the S«o„d Eep.rt.) S.edsoPM. II, Figs. «, 

'• "'ll llto,r.:«.r. found -treptocooei in .b™>d..c. in w.te™ »d soil. ,«»«, pol.nted witk .„..e. 

t Kepo^ o, the M^Iio.. Omoer, ^■'^-:^^;'\'';^'-J'-'"- j p,.te IT, fi,. B. ,«. 

§ Plate IV., fig. A. (a). 1 ^^^te i v ., ng w 
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5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular)— 

(a) ^5far (37° C.)— Small transparent circular faintly-granular colonies with firm edges. 
No loops of cocci are visible at the periphery* , . . , . ^ 

(5) G?eZaiwe (20° C.)— Small transparent faintly-granular colonies, circular m shape with 

clean edges. Old colonies may present a nucleated appearance. No appearance of 
separate loops of cocci at the periphery of the colonies. No liquefaction.f 

6. Streah cultures — . ^, , . -x j. j t j. l-, 

(a) Agar (37° 0.)— Minute transparent colonies. The colonies are situated so close together 
as to appear at first sight like a continuous film- 

(6) Gelatine (20° 0.)— Almost no growth, even after 13 days. .^ ^ ^, , ^ , ^, ^ , , 

7. Gelatine at 37° C— Granular cloudiness, with a white granular deposit at the foot of the tube.J 

8. Broth cultures (37° C.)— DifEuse cloudiness; at the foot of the tube white viscous growth, 
which on shaking the tube, rises in the form of a spiral.§ •■,., i. , , . t,^, •, 

9. Litmus milh cultures (37° 0.)— In 2 day's acidity ; m 4 days, strong acidity but no clot ; 7th day, 
still no clot; 25th day, still no clot. , t. .i, ^, -i- j 

10. Remarks— A mouse inoculated suboutaneously with 1 c.c. of a 4 days broth culture died on the 
7th day. Microscopic preparations made from the kidney juice showed the presence of cocci, sometimes 
arranged as diplo-oocci, and showing an appearance as of a surrounding capsule. This was not very distinct, 
however. Agar plate cultures were made from the spleen, and a streptococcus was isolated which differed 
somewhat from the one above described. It produced diffuse cloudiness m broth and diffuse granular 
cloudiness in gelatine at 37° C. Milk was rendered strongly acid and clotted. 

1. Name — Streptococcus III. 

2. Source — j^Vir c-c. Crossness crude sewage. 

3. Dofe— November 29th, 1898. 

4. Morphology— St&ins well by Gram's method. Chains of cocci of variable length ; most of them 
are short. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.) — Minute transparent faintly- granular colonies. Most of the colonies are 

circular with a clean edge. Some are irregular in shape with a ragged edge resembling 

somewhat Streptococcus I.H 
(6) Gelatine (20° C.) — Small transparent colonies, roughly circular in shape with firm, edges. 

The colonies are faintly granular, and show no separate loops of cocci at the periphery. 

No liquefaction. 

6. Streak cultures — 

(a) Agar (37° C.) — The gi-owth appears at first sight like a continuous delicate film, but is 
in reality composed of numerous minute transparent and separate colonies. 

(6) Gelatine (20° C.) — Colonies are somewhat large for a streptococcus : they are roughly 
circular in shape, and have a granular appearance. No liquefaction. 

7. Gelatine at 37° C. — Granular cloudiness at the foot of the tube. Throughout the medium 
granalar cloudiness and slight diffuse cloudiness as well. 

8. Broth cultures (37" C.) — Diffuse cloudiness throughout the medium. 

9. Litmus milk cultures — Acidity, but no clot in 24 hours. Later, strong acid but no clot (I4th day). 

10. Remarks — 1 c.c. of a 2- days' broth culture injected suboutaneously in a mouse produced no 
apparent effect. 

1. Name — Streptococcus IV. 

2. Source — TcrB^ c-^-i effluent from 4 ft. coke-bed at Crossness. 

3. Date— November 29th, 1898. 

4. Morphology — Stains by Gram's method. Chains of cocci of variable length ; usually short, 
however. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.) — Colonies very similar to Streptococcus III. 

(6) Gelatine (20° C.) — As practically no growth occurred in gelatine streak cultures, no 
gelatine plates were made. 

6. Streak cultures — 

(a) Agar (37° C.) — Growth resembles both Streptococcus I. and Streptococcus III. 
(6) Gelatine (20° C.) —Practically no growth, even after 13 days. 

7. Gelatine at 37° C. — Granular deposit at foot of tube and granular cloudiness throughout the 
medium, but no diffuse cloudiness. || 

8. Broth cultures (37° C.) — Diffuse cloudiness. Deposit at the foot of the tube coherent in masses 
unlike Streptococcus III. 

9. Litmus milk cultures (37° C.) — Distinct acidity, but no clot (11th day). 

10. Remarks — 1 c.c. of a 2 days' broth culture injected subcutaneously in a mouse. The mouse 
died on 9th day. Cover glass specimens made from kidney juice, peritoneal fluid, &c., showed the 
presence of cocci and diplococci (appearance suggestive of surrounding capsule, but not very distinct). 
Agar plate cultures were made from the organs, but the plates were crowded with putrefactive bacteria, 
and no streptococci were isolated. 

1. Name — Streptococcus V. 

2. Source— Y^ c.c, effluent from 4 ft. coke-bed at Crossness. 

3. Daie— November 29th, 1898. 

4. Morphology— Stuma by Gram's method. Short chains and chains of medium length. 



* Plate IV., fig. A (6). f Plate IV., fig. A (c). J Plate IV., fig. B (c). § Plate IV., fig. B (d). 
ir Plate IV., fig. A id). II Plate IV., fig. B (e) 



63 

5. Plate cultures (under a low power, Leitz, 3 olDJective, 1 ocular) — 

(o) Agar (37° 0.)— -Appearances very similar to Streptococcus III., i.e., some colonies circular 

and granular witk clean edges ; others more or less irregular in shape with ragged edges. 

Apparently, however, fewer colonies of irregular shape and ragged edges than in the 

cases of Streptococci III. and IV. 
(b) Gelatine (20° 0.) — As there was practically no growth in gelatine streak cultures, no 

gelatine plate cultures were made. 

6. Streak cultures — 

(a) Agar (37° C.) — Growth somewhat similar in appearance to Streptococcus III. 
(6) Gelatine (20° C.)— Practically no growth (13th day). 

7. Gelatine at 37° C. — Appearance very like Streptococcus III. 

8. Broth cultures (37° C.) — Diffuse cloudiness. 

9. Idtmus milh cultures — Distinct acidity, but no clot (11th day). 

1. Name — Streptococcus VI. 

2. Source — -njVTr •^•c-j effluent from 4 ft. coke-bed at Crossness. 

3. Date— NoYemher 29th, 1898. 

4. Morphology^St&ias well by Gram's method. Chains of cocci of variable length, but usually short. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.) — Small transparent granular colonies, usually circular in shape. Most of 

the colonies have a firm edge, but in some of them the edge has a ragged appearance. 

(b) Gelatine (20° C.)— No record. 

6. Streak cultures — 

(a) Agar (37° C.) — The growth resembles Streptococcus I. 

(6) Gelatine (20° C.) — By the 13th day the colonies have attained a fair size : they are 
granular, and at the edge have a lobed and fissured appearance. The colonies are white, 
but towards the centre they are yellowish-white in colour. No liquefaction. 

7. Broth cultures (37° C.) — Diffuse cloudiness ; at the foot of the tube white viscous growth, which 
on shaking the tube rises in the form of a spiral. 

8. Litmus milk cultures (37° C.) — Very slight acidity, no clot (10th day). 

1. Name — Streptococcus VII. 

2. Source — ^^Vo c.c, effluent from 4 ft. coke-bed at Crossness. 

3. Dafe— November 29th, 1898. 

4. Morphology — Stains well by Gram's method. Chains of cocci of variable length, but usually short. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.) — Small more or less circular colonies, transparent and granular. Most of 
the colonies have a firm edge, but in others the edge is broken up and uneven in 
character. 

(6) Gelatine (20° C.) — As there was practically no growth in gelatine streak cultures (13th 
day at 20° C), no gelatine plate cultures were made. 

6. Streak cultures — 

(a) Agar (37° C.)— No record. 

(6) Gelatine (20° C.)— Practically no growth (13th day at 20° 0.). 

7. Broth cultmes (37° C.)— Some diffuse cloudiness, and at the foot of the tube granular masses 
as in Streptococcus I. 

8. Litmus milk cultures (37° C.)— Slight acidity, but no clot (10th day). 

1. Name — Streptococcus VIII. 

2. Source— rwoo c-c, effluent from 6 ft. primary coke-bed at Crossness. 

3. Dafe— December 9th, 1898. , , ^, . r ■ ^ ■ xa ^ ^\. 

4. KorMoZow— Stains well by Gram's method. Chams of cocci of ja,riable length. 

5 Agar plate cultures (37° C.) (under a low power, Leitz, 3 objective, 1 ocular)— Small trans- 
parent granular colonies with firm edges and roughly circular m shape. 

^^'(a)Aqarls'7° G )— The growth appears as a thin transparent greyish-white film, which on 
close examination is seen to be made up of minute separate colonies. 

(b) Gelatine (20° C.)— Colonies are transparent and granular-lookmg. JNo hquetaction 

7. Broth cmzS^ (37°^ C.)— Diffuse cloudiness ; at the foot of the tube a white deposit, which rises 

in the form of a spiral on shaking the tube. i + m+i, j^.^^ 

8 Litmus milk cultures (37° C.)— Strong acidity, but no clot (11th day). . rm. • i 

9: BemarkT-l c c. of broth culture injected subcutaneously into a guinea-p3g. The animal 

remained apparently unaffected. 

2 Sr^-lSS-nfflufnt from 6 ft. secondary coke-bed at Crossness. 

4: Z7So7;-lZiil'tn'yGr.r.'s method. Chains of cocci usually shox., but some of medium 
length. , , 7, .„ 070 r runder a low power, Leitz, 3 objective, 1 ocular)— The majority of the 

liquefaction. 
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7. Broth cultures (379 C.)— Disuse cloudiness ; white deposit, at the foot of the tube ; on shaking 
the tube deposit rises in the form of a spiral. -■■ .• i -jv i. t 

8. £i-im«s m^A; cultures (37" 0.)— Feeble acidity in two days. Later, distinct acidity, but no clot 

^ * 9 Remarks— I c c of a 24 hours' (at 37° C.) broth culture injected subcutaneously in a mouse. The 
mouse died on the 5th day. Cocci present in juice of spleen and kidneys From tj^e spleen a pure culture 
of a streptococcus was obtained, forming chains of medium length, and which differed somewhat from 
the above. In broth the fluid remained clear, and at the foot of the tube the growth occurred as a white 
conglomerate mass. In gelatine at 37° C. very slight diffuse cloudmess, and at the foot of tube a loose 
flocculent cloudy growth. In gelatine plate cultures, colonies irregular m shape with uneven edge, wavy 
granulation well marked. 

1. Name — Streptococcus X. 

2. Source— T-ih>o "-c, effluent from 6 ft. secondary coke-bed at Crossness. 

3. Dafe— December 15th, 1898. 

4. Morphology—St&ins well by Gram's method. Chains of cocci of medium length. '•= 

5. Agar plate culture, 37'-'' C. (under a low power, Leitz, 3 objective, 1 ocular) — Irregnlarly-shaped 
colonies with broken up edge. Transparent with wavy granulation, and at edge loops of cocci can be 
made out.t 

6. Streak cultures— 

(a) Agar (37° C.) — The growth is made up of numerous minute separate transparent colonies 
which at first sight appears like a continuous filmy growth. 

(6) Gelatine (20? C.) — By the 13th day colonies of varying size. They are very irregular in 
shape, with lobed and fissured borders and delicate filamentous extensions like fine sea- 
weed. The colonies are whife, but towards centre the colour is yellowish-white. 

7. Broth cultures (37° C.) — DifEase cloudiness; at foot of tube white viscous deposit which on 
shaking the tube rises in spiral form. 

8. Litmus milk cultures (37° C.) — In two days dLstinc3t acidity, but no clot ; 11th day still no clot. 

1. Name — Streptococcus XI. 

2. Source — xoW ^■'^■^ Crossness crude sewage. 

3. Daf(?— December 15th, 1898. 

4. Morphology — Stains well by Gram's method. Chains of cocci of variable length, but usually short. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular)— 

(a) Agar (37° C.) — Most of the colonies minute, transparent and granular with firm edge. 
(6) Gelatine (20° C.) — The majority of the colonies are nearly circular in shape : they are 
transparent looking and faintly granular with firm edge. No liquefaction. § 

6. Streak cultures — 

(a) Agar (37° C.) — The growth at first sight appears like a continuous film, but is really 

made up of separate minute transparent colonies. 

(b) Gelatine (20° C.)— Small transparent faintly granular colonies. No liquefaction 

(13th day). 

7. Broth cultures (37° 0.) — Diffuse cloudiness ; at the foot of the tube viscous white deposit, which 
on shaking the tube rises in the form of a spiral. 

8. Litmus milk cultures (37° C.) — No visible change, even after 11 days' incubation. 

1. Name — Streptococcus XII. 

2. Source — xwo c.c. Crossness crude sewage. 

3. Date— December 15th, 1898. 

4. Morphology — Stains well by Gram's method. A streptococcus forming very short chains. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.)— Small circular colonies with firm edge, transparent and granular looking. 
(6) Gelatine (20° C.) — The colonies are usually circular: they are faintly granular and 
transparent looking. The edge is clean. No liquefaction.^f 

6. Streak cultures — 

(a) Agar (37° C.)— The colonies are rather large for a streptococcus ; they have a granular 

and transparent appearance. 
(6) Gelatine (20° C._)— The mass of the growth appears as a continuous film; but at the edge 

and upper portion of the streak the colonies are separate and are small with a granular 

transparent appearance. No liquefaction. 

7. Gelatine atZT C— A granular white deposit forms at the foot of the tube, and the gelatine 
throughout is lull of minute granular specks. 

. , x^'^^''^ ^ "J'^^''''^' (■??" C.)— The broth is clear, but on sides of tube white cirrhus-like growth, and 
at toot ot tube viscous white conglomerate mass. 

9. Litmus milk cultures (37° C.)— Slight acidity, but no clot (11th day). 

1. Name — Streptococcus XIII. 

2. Source — j-oVo cc. Crossness crude sewage. 

3. Daie— December 15th, 1898. ° 

4. Morpholoyy—Stiima well by Gram's method. It was difficult to determine whether this microbe 
was a streptococcus or a staphylococcus. Finally, it was classed as a streptococcus. 



* Plate I., fig. 1. j. Plate IV., fig. A (e). 

§ Plate IV., fig. A (/). 
I" Plate IV., fig. A ((,). 
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6. Plate cultures (under ^ low power, Leitz, 3 objective, 1 ocular)- 

t™ll -^ ^^""^f °?^°^^^' ^^^ roughly circular in shape and the smaller ones 
irregular. Wavy granulation is well marked, and at the edge of the colonies separate 

m rtZ)fr9no'nT ^^^""^^ °'^*- '^^^ ''°l°«i^« ^^^ small and transparent-looking.* 

(6) Gelatme (20° C.)-The colonies are very iiregular in shape, and at the edge loops of 

^anuktion t^ °''*' ^^^ ^""^ '"^^^^ ^""^ transparent, and show a coarse wavy 

6. Streak cultures — 

(a) 4grar (37° C.)— The growth is composed of separate colonies which are transparent and 
n ^ g^f^^iar-looking, and are rather large for a streptococcus. 

(6) Oelahne (20° C.)-By the 13th day the colonies have attained a fair size ; they are 
V n 1 ,■ '7olS fy '" ^^^Pe and tend to run into each other. No liquefaction. 

7. G-elatme at 37° V. -Resemhle Streptococcus XII. 

n % V- ■^^rf'' f^l'^''^^ (p7° 9-)~'''^e cloudiness is not well markedandis somewhat granular in character, 
throu hout the^i''uid^^" ^'"'°''^ ^ "^^'^^^ "^'^^ cirrhus-like extensions rise from the foot and float 

9 Litmus milk cultures (37° C.)— Slight acidity, but no clot (15th day). 

10. Potato cultures (37° C.)— No visible growth (8th day). 

1. Name — Streptococcus XIV. 

2. Source — t;-^ c.c. Crossness crude sewage. 

3. Date— December 15th, 1898. 

4. MwyAofog-?/— Stains well by Gram's method. The chains are short and tend to cohere in masses. 
Ihe cells are somewhat irregular in shape. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° 0.) — The colonies are small, nearly circular in shape, with a fairly firm edge. 

They are granular and transparent-looking. 
(6) Gelatine (20° C.) — The colonies are roughly circular in shape. Wavy granulation is 

well marked. The edge may have a slightly ragged appearance, but no separate loops 

of cocci can be made out. No liqueEaction.§ 

6. Streak cultures — 

(a) Agar (37° C.) — The colonies are separate, granular and transparent-looking, but are 

of rather a large size for a streptococcus. 
(6) Gelatine (20° C.)— Resembles Streptococcus XII. No liquefaction (13th day). 

7. Gelatine at 37° C. — Resembles Streptococcus XII. 

8. Broth cultures (37° C.) — The broth remains nearly transparent. At the foot of the tube the 
growth collects as a viscous white mass. 

9. Litmus milk cultures (37° C.) — Distinct acidity, but no clot (11th day). 

1. Name — Streptococcus X.V. 

2. Source — xTiVo C-c, Crossness crude sewage. 

3. Date— December 21st, 1898. 

4. Morphology — Stains well by Gram's method. Chains of cocci are usually short, but some are of 
medium length. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular)— 

(a) Agar (37° C.) — Small, transparent, circular, granular colonies with firm edge. 

(6) Gelatine (20° 0.) — Small colonies of circular shape and with clean edge. They may 

present a nucleated appearance. They are granular and transparent- looking. No 

liquefaction. 

6. Streak cultures — 

(a) Agar (37° C.) — A barely visible white film, which on close observation is seen to be 

made up of separate colonies (minute and transparent-looking), 
(ft) Gelatine (20° C.) — Resembles somewhat Streptococcus XII. No liquefaction (13th day). 

7. Broth cultures (37° C.) — Diffuse cloudiness. At the foot of the tube a white viscous deposit, 
which on shaking the tube rises in the form of a spiral. 

8. Litmus milk cultures (37° C.) — In two days, distinct acid but no clot; 5th day, ditto; 11th 
day, ditto. 

9. Remarks — 1 c.c. of a 24 hours' broth culture (37° C.) injected subcutaneously into a mouse. 
The mouse died on the 5th day. Microscopic preparations were made from the peritoneal fluid, &c. 
Cocci were present, but also many putrefactive bacilli. Agar plates made from the spleen were overgrown 
with putrefactive organisms, and no streptococci could be isolated. 

1. Name — Streptococcus XVI. 

2. Source — YoVo c.c, effluent from 4 ft. coke-bed at Crossness. 

3. Date— December 21st, 1898. . 

4. Morphology — Stains well by Gram's method. Long chains of cocci matted together m masses. 

5. Plate cuitures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.)— Minute transparent colonies, usually of circular shape, and showing wavy 

granulation. No separate loops of cocci at periphery. 
(6) Gelatine (20° C.)— Small, circular, transparent and granular-looking colonies. No 

liquefaction. 

6. Streak cultures — . ^ . . , , , , 

(a) Agar (37° C.) — Thin, delicate film, which on close examination is seen to be made up of 

minute separate colonies. 
(6) 6?eZa!!we (20° C.)— Resembles Streptococcus X. »,j, . ^,n 

7. Broth cultures (37° C.)— Broth remains peifectly transparent. At foot of tube white con- 

^ °"^^^t^ Utmus viilk cultures (37° C.)— Second day, no visible change; 5th day, slight acidity, but no 

clot. Later, acidity more de cided. No clot 11th day. 

* Plate iV., fig. A Qi). t Plate IV., fig. A (i). § Plate IV., fig. A ( j). 

•[9] 
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1. Name — Streptococcus XVII. 

2 Source— T^ c.c, effluent from 4 ft. coke-bed at Crossness. 

I St;"^?o;rsraifstn f, Gra^-s method. Chains of cocci short. The cells tend to cohere in 
masBBs simulating a staphylococcus. . . , , % 

5. Plate cultures (under a low power, Leitz, 3 objective, i ocular; ,„„■ „ ^^^^i.^ oimilav ,•„ 

(a) Aqar (37° C.)-Small, granular and transparent-looking colonies, nearly circular m 
thape. The edge of the colonies has a ragged appearance, but no separate loops of cocci 

(6) Gdaule'm^ c!)-Minute colonies of circular shape, showing faint granulation The 
^^ colonies are transparent-looking and some have a nucleated appearance. The edge i. 
firm and no separate loops of cocci are visible. iNo liquefaction. 

6. Streak cultures — . , i x „„„n,-,r ,^f vir.+o 

(a) Aqar (37° C.)— The growth presents no special characters worthy o± note 
fcoLiiL (20° C.)-Resembles somewhat Streptococcus XII. No liquefaction 

7. Broth Lltures (37° 0.)-Broth remains quite transparent. On sides of tube cirrhus-like, streaky, 
white growth. At foot of tube, viscous white deposit.* ■■, i, . „i„+ Ki^h ^^^ ^\H<^■ ^^^^. 

8. Litmus milk cultures (37° C.)-In two days, distinct acid, but no clot; 5th day, ditto, 11th 

day, ditto. 

1. Name — Streptococcus XVIII. 

2. Source — j-^ c.c, Crossness crude sewage. 

3. Date— December 21st, 1898. 

4. Morphology -Stains well by Gram's method. Short to medium chains. 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular)— ^ , , . ,, , 

(a) Aqar (37° C.)— Colonies circular with firm edge; transparent and faintly granular. 

(6) Gelatine (20° C.)— Most of the colonies seem to be made up of two portions, a granular, 
irregularly-shaped, darker portion, and a more transparent and larger portion which 
is less granular. Some of the colonies, however, appeared to be composed of a collection 
of delicate loops like S. Longus type. No liquef actio Q.f 

(a) Aqar (37° C.)— Resembles somewhat Streptococcus XV. 

(6) Gelatine (20° C.)— On the 13th day the growth resembled Streptococcus XII. but in a 
few places delicate filamentous extensions like fine se&weed may be seen. No hque- 
f action. . . 

7. Broth cultures (37° C.)— Diffuse cloudiness, and at foot of tube viscous white deposit, which on 
shaking the tube rises in the form of a spiral. 

8. Litmus milk cultures — No visible change, even after 11 days' incubation. 

1. Name — Streptococcus XIX. 

2. Source — T^oo cc, effluent from the primary coarse bed (series A) at Barking. 

3. Da^e— November 1st, 1899. 

4. Morphology— St&ins well by Gram's method. The chains of cocci are of medium length.§ 

6. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.) — Irregularly-shaped, transparent colonies, showing well-marked wavy 
granulation. At the edge of some of the colonies separate loops of cocci are clearly 
visible. 

(6) Gelatine (20° C.) — Small transparent colonies, showing faint wavy granulation. Usually 
circular in shape with clean edge. No liquefaction. 

6. Streak cultures — 

(a) Agar (37° C.)— No record. 

(6) Gelatine (20° C.) — Minute, transparent, circular colonies. No liquefaction. 

7. Broth cultures (37° C.) — Some diffuse cloudiness, but granular cloudiness as well. On sides of 
tube, streaky, cirrhus-like, white growth. 

8. Litmus milk cultures (37° C.) — In two days strong acid, but no clot ; 4th day, ditto. 

9. Remarks — A mouse inoculated subcutaneously with 1 c.c. broth culture remained apparently 
unaffected. 

1. Name — Streptococcus XX. 

2. Source — toVo "-c, effluent from the secondary coarse bed (series A) at Barking. 

3. Daie--November 1st, 1899. 

4. Morphology — Stains well by Gram's method. Resembles Streptococcus XIX. Tf 

5. Plate cultures (under a low power, Leitz, 3 objective, 1 ocular) — 

(a) Agar (37° C.)- -Minute, transparent colonies, nearly circular in shape with_ clean edge. 

Wavy granulation very faint. Some of the colonies are more granular-looking and have 

a slightly frayed edge. 
(6) Gelatine (20° C.) — Resembles Streptococcus XIX. 

6. Streak cultures — 

(a) Agar (37° C.)— No record. 

(6) Gelatine (20° C.)— Very eimilar to Streptococcus XIX., but the colonies are more trans- 
parent-looking. 

7. Broth cultures (37° C.) — Resembles Streptococcus XIX. 

8. Litmus milk cultures — In two days, strong acid but no clot ; 4th day, strong acid but no clot. 

9. llemarhs — A mouse inoculated subcutaneously with 1 c.c. of a broth culture was apparently 
unaffected. 

* Plate IV., fig. B (/). t Kate IV., fig. A (fc). 

§ Plate I., fig. 2. ^ Plate I., fig. 3. 
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1. Name — Streptococcus XXI. 

2. Source— ^^^ c.c, Barking crude sewage 

3. Da^e— November 1st, 1899 

.00.siotJXtZ7j'i:;^:fJl ^^^-^'^ ™^*^°^- '^^^ ^^^-^ °f -- are usually short, but 
5. Plate cultures (under ^ low power, Leitz, 3 objective, 1 ocular)— 

^' U'riuy circk^nlhap^^ ''°^°^^'^^ ^^^^ ^'^^^ '''S'- 

(h) ^etowe (20° p.)-Small transparent colonies showing only very faint granulation. 
6 StreaJc cultlre^- '''''' ^ ^^ ^^ "^^^^ ^°'''^®''- ^° ^q^ief action. 

(a) J.grffl?- (37° C.)— No record. 

(6) Gelatine (20° C.)-Resembles Streptococcus XIX. and XX., but the colonies are smaller 
and more transparent-lookmg. 

7. Broth cultures (37° C)-Abundant diffuse cloudiness; at foot of tube viscous white deposit. 

8. Litmus milk cultures (37° 0.)— Strong acidity, but no clot 

vmafiected^"^*''^'"^ """""'^ inoculated subcutaneously with 1 c.c. of broth culture was apparently 



General Summary of the above kesults, as regards the presence of Streptococci in the 
Crude Sewage and in the Effluents from the Bacterial Beds. 

Name — It is apparent that many of the streptococci resembled S. Brevis and some 
S. Longus. Moreover, certain of them, if they had been isolated from a septic case 
m the human subject, would almost certainly have been classed as 8. Pyogenes. 
In the present state of our knowledge, it has been thought best to merely register 
them for descriptive purposes as Streptococcus I., II., III., &c. Of course, many 
of them resembled each other so closely as to suggest identity of species or, at 
all events, close kinship. But the results seem to indicate that streptococci are 
not only more numerous, but that the number of different species is much greater than 
has hitherto been supposed. A great many microbes isolated from crude sewage and 
effluents from bacterial beds are not included in the above list, because, on studying 
their morphological and biological characters, they seemed to resemble staphylococci 
(a class of germs as numerous in sewage apparently as streptococci, but probably of 
relatively less importance) more closely than streptococci. The line, however, dividing 
these two classes of germs is by no means a sharp one, and iL is possible that a few 
microbes have been included in the above list which really ought to be placed in an 
intermediate position, i.e., between the streptococci and staphylococci. 

Source — In each case the streptococci were isolated from as minute a quantity as 
x^ c.c. of Barking or Crossness crude sewage, or the effluents from the coke-beds at 
Barking and Crossness. There did not appear to be any significant alteration in the 
.number of streptococci as the result of the bacterial treatment of the raw sewage. 

Bate — It is to be noted that the earlier records extend back as far as November, 
1898. 

Morphology — All stained well by Gram's method. The majority formed" short 
chains, but in some the chains were of medium length, and in a few the chains were 
long. Sometimes the chains cohered together forming masses, thus simulating staphy- 
lococci. In such cases the biological characters of the microbes were closely studied 
before coming to a definite conclusion. [As a rule staphylococci grow more rapidly 
and produce a much more luxuriant and opaque growth on the surface of gelatine and 
agar than streptococci. Further, staphylococci not uncommonly liquefy gelatine. On 
the other hand, streptococci do not liquefy gelatine, and as a rule grow very slowly 
and form minute and transparent-looking colonies in agar and gelatine cultures.] 

Temperature — Ifc is to be noted that all the streptococci grew well at blood heat. 

Agar and gelatine cultures — In most cases the colonies were very small, circular in 
shape, transparent-looking, and faintly granular, with a clean edge. Sometimes, 
however, the colonies showed coarse, wavy granulation, and were irregular in shape 
with a frayed edge, or showed at the periphery separate loops of cocci. It must not be 
lost sight of that some of the streptococci showed httle or no appreciable growth when 
incubated at 20° 0. for 13 days in gelatine streak culture. 

Broth cultures — About 50 per cent, produced diffuse cloudiness with a viscous 
white deposit at the foot of the tube. In about 20 per cent, the broth remained quite 
clear, the growth appearing either as a conglomerate mass or else as masses with 
cirrhus-like extensions. In about 15 per cent, the cloudiness was granular in character 
with streaky cirrhus-like growths. In about 10 per cent, there was diffuse cloudiness 

* Plate I., fig. 4 
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-with a deposit at the foot of the tube coherent in granular masses. In about 5 per 
cent, a viscous white mass collected at the foot of the tube, the broth remaining 
transparent. 

Litmus milk cultures — About 85 per cent, produced acidity but no clot. About 
5 per cent, showed acidity and clot. About 10 per cent, produced no visible change. 

Experiments on animals — Only a limited number of experiments were carried out. 
Sometimes a pathogenic effect was produced in mice, but most of the animals were 
apparently unaffected. An absence of. pathogenic effect as regards mice does not 
necessarily imply freedom from disease-producing capability in respect of other animals. 
Moreover, some of these streptococci may have been highly virulent in the past, but 
have lost their pathogenic action. It is conceivable that these same streptococci might 
under certain conditions regain their full virulence. 

It is apparent from these results that the type of streptococcus which' is especially 
abundant in sewage is one presenting the following characters. For convenience of 
description it is permissible to call this microbe " Sewage Streptococcm." The following 
is a brief description of its'chief morphological and biological characters — 

1. Name — " Sewage Streptococcus." 

2. Source — Barking and Crossness crude sewage and effluents fi'om bacterial coke-beds. 

3. Abundance — Usually more than 1,000 per c.c. of crude sewage and effluents. 

4. Temperature — Grows ^'cell at blood beat. 

5. MorpJwlogy — Stains well by Gram's metbod. The cbains of cocci are usually sbort. 

6. Agar and gelatine plate cultures (under a low power, Leitz, 3 objective, 1 ocular) ^The colonies 
are small and transparent. Tbey are nearly circular in shape with a clean edge. The granulation is 
faint. The colonies in agar are usuall_y- more granular and darker looking than in gelatine cultures. The 
gelatine is not liquefied. 

7. Sireah cultures (a.ga,r a.t 37° C. imi gelatine at 20° C.) — The growth usually shows itself -as a 
delicate white film, which on close observation is seen to be made up of numerous separate minute trans- 
parent-looking colonies. The gelatine is not liquefied. 

8. Broth cultures (37° C.) — Abundant diffuse cloudiness. On gently shaking the tube a viscous 
white deposit rises fiom the foot of the tube in a spiral form. 

9. Litmus milk cultures (37° 0.) — Acidity, but usually no clot. 

10. Remarks — Probably non-pathogenic to mice. 

It will be understood that the above is a description not of a special micro-organism, 
but of the type of streptococcus most commonly present in crude sewage and in the 
effluents from the coke-beds. 



v.— EXPERIMENTS ON ANIMALS. 

Injection of Crude Sewage and Effluents into Guinea-Pigs. 

The conclusions which have been arrived at as a result of the above experiments may be 
briefly stated as follows : — 

I- — The subcutaneous injection of Barking and Crossness crude sewage into guinea-pigs 
(about 1 — 3 c.c. per 200 grammes weight) always produces a local reaction, and usually death in 
from 24 to 72 hours. If the guinea-pigs do not die within the first few days, althougk 
suppuration and ulceration may set in at the site of the inoculation, the animal usually eventually 
recovers completely. Sometimes the effluents from the coke-beds are more pathogenic than the 
raw sewage itself, but as a ride a somewhat larger dose of effluent is required to produce a fatal 
result. If the crude sewage or effluent be injected intra-peritoneally instead of subcutaneously, 
the animals usually die more quickly, and succumb to a smaller dose. There are, however, 
exceptions to this rule. 

II. — If the injection of the crude sewage or effluent is not followed by fatal results within 

the first few days, the animal may occasionally die after the lapse of some weeks time, and on 

post-mortem examination show appearances simulating tubercle infection; but on closer study 

it will be found that death was really due to ■pseudo-tuberculosis (B. •pseudo-tuberculosis of Pfeiffer). 

[It will be remembered, however, that in one case a guinea-pig inoculated with a portion of 

coke-deposit died from true tuberculosis. Supplement to Second Report.] 

111.— "When the animal dies rapidly (24—72 hours), virulent microbes, belonging to the 
class of B. coh and B. proteus, may readily be isolated from the blood or tissues of the animal. 

IV.— If the crude sewage or effluent be previously heated to 100» C. for one hour, large 
doses may be injected without producing a fatal result. This would seem to show that the 
pathogenic effect of the sewage and effluents is not directly traceable to such of the intra-cellular 
and extra-cellular products of microbes as are capable of resisting this temperature. 

[This temperature (100° C.) would change poisonous active albuminoids to non-poisonous 
passive albuminoids, and would also decompose enzymes ; but it would not destroy the poisonous 
substances resulting from the decomposition of putrefying albuminoids known as ptomaines.'] 

v.— If the crude sewage or effluent be previously heated to 80° C. for ten minutes, a 
pathogenic effect may still be produced ; but a much larger dose is usually required than; where 
the liquid has not been so heated. Here death, when it occurs, is probably due to B. enteritidis 
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sporogenes, or, it may be to anaerobic micro-organisms of the maUqnant (rdema group. These results 
would seem to indicate that the pathogenic effect of sewage and sewage effluents is not usually or 
pnmarily due to micro-organisms present in spore form, since a much larger dose is required 
when the liquid has been previously heated to 80« C. ; unless, indeed, these microbes possess an 
increased pathogenic power m the presence of other germs not present as spores. 
, J i xi^^^^ff . sewage or effluent be filtered through a sterilised Pasteui-'s filter, very 

large doses of the filtrate fail to produce a pathogenic effect. This would seem to prove that it is 
not the_ extra-cellular products of the bacteria which by themselves produce the pathogenic result. 
But It IS conceivab e that filtration under the above conditions may render the bacterial products 
harmless where before they were noxious. 

_ It is not proposed to give in detail the numerous experiments which have been carried out 
on animals ; but a few experiments may be given by way of illustration. 
February 22nd, 1899. 

(a) 1 CO. Barking crude sewage injected subcutaneously in guinea-pig (called g.p. i). 

(6) 1 CO. effluent from Barking fine ragstone-bed injected subcutaneously in guinea-pig 
(called g.p. ii). 

(c) 1 CO. effluent from Barking fine coke-bed injected subcutaneously in guinea-pig (called 
g.p. iiii. 

February 2.3rd— g.p. i poorly, with swollen belly ; g.p. ii and iii fairly lively, with less 
abdominal swelling. 

February 24th— -g.p. i, moribund ; g.p. ii and iii, in about the same condition as on the 
preceding day. 

February 25th — g.p. i dead. On post-Tnortem examination, showed thickening of abdominal 
wall and oedema, but not much sanguineous exudation. 

March 1st — g.p. ii and iii quite lively and well, except that g.p. ii had some abdominal 
ulceration. 

The animals (g.p. ii and iii) eventually recovered completely from the effects of the injection. 

March 1st, 1899. 

(a) 1 c.c. Crossness crude sewage injected intra-peritoneally in guinea-pig (called g.p. i). 
(h) 1 c.c. Crossness effluent from B single ooke-bed injected intra-peritoneally in guinea-pig- 
(called g.p. ii). 

March 2nd^g.p. ii moribund, so killed. 
March 3rd — g.p. i dead. 

March 29th, 1899. 

(a) 1 c.c. Barking effluent coarse ragstone-bed injected subcutaneously in guinea-pig (called 
g.p. i). 

(5) 1 c.c. Barking effluent coarse coke-bed injected subcutaneously in guinea-pig (called 
g.p. ii). 

(c) 1 c.c. Barking effluent fine ragstone-bed injected subcutaneously in guinea-pig (called 
g.p. iii). 

(d) 1 c.c. Barking effluent fine coke-bed injected subcutaneously in guinea-pig (called g.p. iv). 

(e) 1 c.c. Crossness effluent 13 ft. coke-bed injected subcutaneously in guinea-pig (called g.p.v). 
April 1st — g.p. i and g.p. iv dead. 

April 3rd — g.p. iii dead. 

April 4th — g.p. ii and g.p. v apparently quite recovered from effects of the inoculation. 

April 27th, 1899. 

(a) 1 c.c. Crossness crude sewage injected subcutaneously in gumea-pig (called g.p. i). 

(6) 1 c.c. Crossness effluent from 13 ft. coke-bed injected intra-peritoneally in guinea-pig- 

(called g.p. ii). . . . / ,, j 

(c) 1 c.c. Crossness crude sewage injected intra-peritoneally m gumea-pig (called g.p. m). 

(d) 1 c.c. Crossness effluent from 13 ft. coke-bed injected subcutaneously in guinea-pig 
(called g.p. iv). 

April 29th — g.p. i dead. 

May 1st — g.p. iii dead. . 

May 4th — g.p. iv. dead, g.p. ii apparently quite recovered from the effects of injection. 

November 28th, 1899. ^ . c.r.o r. ^ . ■ ^ rr ■ ■ , ^ 

(a) Barking effluent from B 1 coke-bed, heated 80° C. for ten minutes. Iwo c.c. injected 
subcutaneously in guinea-pig (called g.p. i). The animal remained apparently unaffected. 

December 1st, 1899. , , , i • -^ / n j •^ 

(a) 3 c c Barking crude sewage injected subcutaneously m gumea-pig (called g.p. i). 

(b) Same as (a), but crude sewage previously heated to 80° 0. for ten minutes (called g^p. n). 
The dose was apparently too large, as both g.p. i and g.p. H died, but the former died first. 

December 12t ^^^^ ^^^^ ^^ .^.^^^^^ subcutaneously in guinea-pig (called g.p. i). 

(6) Same as (a), but sewage previously heated to 80° C. for ten minutes, and 2 c.c. mjected 
(calM g^p^^i).^^ (a), but sewage previously heated to 100° C. for one hour, and 4 c.c. injected 
(called^g^p.^u)^^ (a), bat sewage first filtered through a sterilised Pasteur's filter, and 10 c.c. of 
'''' %teZ^l recovered from the effects of the injection except g.p. i. 



VI.— FINAL CONCLUSIONS. 

Before giving the final conclusions from the biological point of view as to the value of the 
bacterial proceS in use at Barking and Crossness for treatijig London crude sewage it is essential 
tofirst mZ som^ Remarks of a |eneral and introductory character ; otherwise a totally erroneous 
mpr sSn mLTt VeTormed, and^it might even be considered that the conclusions arrived at after 
twJyeais' closl study of the' subject we're of such a nature - *-,--f-„^/^,?^r;^«J J^^^^^^^^^^ 
note were taken of the chemical results and the practical .ide °J, j^^^^ ,« bp Sde t^ 
bacteriological results were considered by themselves, and not read as they ought to be side by 
side with the chemical data, an impression might be gained which was not intended, and which 

"^^ 'tLy'f t\fpdnt atut'to be alluded to have been dealt with in previous Reports, but it 
is necessary to repeat them here for the reasons which have been stated. 

I.— GENERAL CONCLUSIONS. 

The Thames is a tidal river, and the "intakes" for waterworks purposes are situated high 
up the river and are "cut off" by "locks" from the influence of the sewage discharge at the 

Outfall Works.* , ^ xi. i ■ f ^^^, ■ 

Although the bulk of London sewage is certainly very great the large size of th^e river 
Thames must also be considered, as also the proximity of the "Outfalls to the sea and the huge 
body of water in the river at high tide. <-> .r n Txr i • i j 

The river water outside the influence of the discharges at the Outfall Works is already 
polluted and contains practically all the bacteria found in raw sewage. 

The body of Thames water which may be supposed to be directly affected by the discharge 
of the effluents at Barking and Crossness is "brackish" and so could hardly be tolerated for 
drinking purposes even by individuals who are indiiferent to the physical characters and biological 
composition of the water which they drink. i on 

The bacterial coke-beds effect a reduction of at least 50, and it may be as much as 80 per 
cent, in the amount of dissolved oxidisable and putrescible organic matter m the raw sewage, as 
compared with 17 per cent, effected by the chemical treatment. 

The effluents from the coke-beds are apparently non-putrescible. § 

T"he suspended matterst in the crude sewage ai^e practically entirely removed as a result of 
the biological treatment instead of only about 80 per cent, effected by the chemical treatment. 
And recent experiments seem to show that this result may be obtained without loss of capacity in the 
coke-beds if the sewage has undergone a previous process of rapid sedimentation. 

in the biological treatment no chemicals are required, and no offensive sludge is produced.f 

Where an effluent is turned into a stream to be used for drinking purposes, the bac- 
teriological results are manifestly of more importance than the chemical; but when, as in the 
present case, the river is not a potable one, and is already polluted, the converse probably holds 
good; i.e., the chemical state of the effluent is of primary, and the biological of secondary 
importance. In the first case the chief object is to guard against disease, and in the second case 
the main consideration is to avoid fouling the river with putrescible matters to such an extent 
as to constitute a grave public nuisance. 

However desirable it may be to obtain an effluent chemically pure, and, at the same 
time, bacteriologically above suspicion of danger, a process which leads to the solution of the 
great mass of suspended matters in the raw sewage, which effects a striking reduction in the 
amount of putrescible matters, which avoids the use of chemicals and the accumulation of offensive 
sludge, which yields an apparently non-putrescible effluent, and which is at the same time 
practicable, is one which presents such singular advantages over chemical treatment, and which 
produces such satisfactory results in view of all the requirements of the case, that it would he 
idle to deny its value or attempt to minimise its usefulness simply because it falls short of a 
standard of absolute perfection. 

Passing next to considerations which are purely biological in character, the following points 
are worthy of note. 

* It is assumed that no contamination of the underground ^vater in the Thames valley takes place as a 
result of the pollution in the lower reaches of the river affecting distant sources of water supply (e.g., deep wells). 
If in the future reliable evidence to the contrary should be forthcoming, then the whole question might require 
reconsideration. 

§t It may be suggested that further evidence is required to show that an eflBuent apparently non- 
putrescible remains so under all conditions, and also that an effluent free, or nearly so, from suspended matter 
remains permanently in that condition. For it is conceivable that an effluent non-putrescible in itself might yet 
give rise to a putrescent effect when discharged into a stream, and that substances originally in solution might 
pass out of solution as the result, perhaps, of secondary degeneration. Nevertheless, from actual experiments 
carried out by the chemists in charge at the Outfall Works, as well as by observation of the state of the river, this 
would not seem to take place in the case of the discharge of the efflaents at Barking and Crossness into the 
Thames. 

•If As regards this paragraph and the preceding ones, the Second Eeport (Division 1, Section ]!, No. 5, page 7) 
may with advantage be consulted. 
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2.— BIOLOGICAL CONCLUSIONS. 

Although the total number of bacteria, the number of spores of aerobic bacteria, the number 
01 liquelymg microbes the number of B. coli and of spores of B. enteritidis svorogenes was, on an 
average less m the effluents from the coke-beds than in the corresponding samples of crude 
sewage, the reduction was not well marked, and in some cases the effluents contained more micro- 
organisms than the sewage before treatment. Thus, while the chemical results were always 
satistactory the bacteriological results were usually quite the reverse, because the microbes 
producing the chemical changes passed through the coke-beds in practically unaltered numbers. 

[The reasons for this state of things would seem to be that the process itself depends for 

Its success on the vital activity of bacteria ; that the fragments of coke are not fine enough to 

allow ot the mechanical separation of the germs; that the products of the growth of the microbe?, 

while they are self-injurious, are not sutaciently poisonous to destroy their life, although they, 

doubtless, exercise a restraining influence on the extent of the multiplication ; and finally, that 

purification i.s not carried sufficiently far to exhaust all the assimilable pabulum in the liquid. 

It has been pointed out in previous Reports that B. coli is an aerobic facultative anaerobic 

microbe of intestinal origin which may be pathogenic, and that B. enteritidis sporogenes (Klein) is a 

pathogenic anaerobe typical of excremental matters which appears to be causally related to certain 

cases of_ acute diarrhoea in the human subject, and whose cultures are extremely virulent to 

guinea-pigs. 

Both in this and in previous Reports it has been stated that B. coli and the spores of 
B. enteritidis sporogenes are present in the effluents from the coke-beds in numbers usually 
exceeding 100,000 and 100 respectively per c.c. Further, it has been shown that a proteus-Uke 
germ (" sewage proteus ") is present in abundance in the effluents — usually more than 100,000 per 
c.c. Some strains of this microbe are very virulent to guinea-pigs. Lastly, a highly virulent 
strain of B. pyocaneus has been isolated from so minute an amount as j-o^o"o c.c. o% a Barking 
coke-bed effluent. 

Further, the cultures made from the crude sewage and effluents were frequently compared 
side by side, yet no distinct differences could be made out between the two sets of cultures as 
regards the species of microbes. 

[Of course this does not preclude the possibility of there having been a failure to detect 
points of difference not easily appreciable even to the trained observer. Still less does it mean 
that no selective process was in operation in the coke-beds. It is known that certain microbes, 
e.g., the nitrifying germs, do not grow on the media ordinarily used by bacteriologists ; and no 
doubt, as time goes on, the list will be greatly increased. The mere fact thai the raw sewage 
contained little or no oxidised nitrogen while the effluents contained nitrites and nitrates, implies that 
nitrification was in progress, and doubtless the nitrifying germs were not only stored in the coke- 
beds, but were present in the effluents in greater number than in the raw sewage. Indeed, 
certain experiments which were carried out in this connection, but which are of too preliminary 
a character to merit inclusion in this Report, seemed to support this view.] 

In the present Report records are given showing that streptococci presumably of intestinal 
origin pass through the coke-beds in practically unaltered numbers, and may be isolated from 
ToW CO. or less of the effluents. And reasons are given which suggest somewhat strongly that 
if streptococci can resist the biological processes at work in the coke-beds there is small ground for 
believing that other germs of a dangerous kind, e.g., the typhoid bacillus, will be destroyed. 

Further, it has been stated in this Report that although the products of the bacteria in the 
effluents are not fatal even when large doses are injected subcutaneously into guinea-pigs, the 
effluents f)lus the contained bacteria are decidedly pathogenic and do not indeed differ in this 
respect materially from the raw sewage. 

[A local reaction is always observed, and abscess formation and ulceration frequently result 
from the injections, althouoh they do not necessarily prove fatal. When death occurs rapidly, the 
fatal result seems to be usually due to virulent B. coli or B. proteus or B. enteritidis sporogenen, or 
to microbes more or less closely allied to these germs. Doubtless, however, other microbes are 
also concerned in producing a pathogenic effect. Sometimes the animal apparently recovers, but 
eventually dies irora pseudo-tuberculosis (B.pseudo tuberculosis.')'] 
Ill the Supplement to the Second Report it was shown that the deposit accumulating on the 
coke in the bacterial beds contained the spores of B. enteritidis sporogenes in great abundance, and 
also that two mice inoculated subcutaneously each with a small portion of the deposit died with 
all the characteristic symptoms of tetanus. Further, " acid- fast" bacteria were present in con- 
siderable numbers in the deposit, and they were also found in the crude sewage and effluents — 
particularly in the latter. The inference would seem to be that the " acid-fast " bacteria are stored 
in the coke-beds, and are habitually or occasionally washed away in the effluents. 

[Although many of these " acid-fast" bacteria could not with certainty be morphologically 

distinguished from the tubercle bacillus, it was not claimed that they were necessarily the microbe 

of tuberculosis, alive or dead, virulent or non-virulent. But it was pointed out as a significant 

fact that in one instance a guinea-pig inoculated with the deposit from a bacterial bed (not, 

however one at Barking or Crossness), especially rich in these " acid-fast " bacteria, did die from 

tubercular infection, and that sections of its organs when appropriately stained showed the 

presence of numerous tubercle bacilli.] 

In view of these results, only one conclusion seems possible, namely, that however satisfactory 

the OTOcess may be from the chemical and practical point of view, the effluents from the bacterial 

beds cannot be reasonably assumed io be more safe in their possible relation to disease than raw sewage 

slightly diluted, but otherwise unaltered in its bacterial composition. 
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VII —ADDENDA. 

].— THE YITALITT OF THE CHOLEEA BACILLUS, B. PEODiaiOSUS, AND 
STAPHYLOCOCCUS PYOGENES AUREUS IN CROSSNESS CRUDE SEWAGE. 

The sewage was not sterilised, as sterilisation greatly alters its chemical composition, and 
the object of the experiments was to ascertain broadly whether these germs survive for any length 
of time in competition with the numerous other micro-organisms normally present m raw sewage. 

(a) Vitality of the Cholera Bacillus in Crossness Crude Sewage. 

Experiment 1, @ctober 2Uh, 1898. 

10 c.c. of Crossness crude sewage were poured into a sterile test-tube, and the tube was 
plugged with sterile wool. The contents of the tube were next inoculated with a platinum 
loopful of the cholera bacillus taken from a young gelatine culture. The tube containing the 
crude sewage ( + the cholera bacillus) was kept in a dark cupboard at the room temperature. In 
seeking to determine the viability of Koch's vibrio the following plan was adopted. From time to 
time a loopful of the sewage was transferred to a tube containing sterile peptone solution (peptone 
1 per cent. ; NaCl 0'5 per cent.). The peptone tube was incubated at 37° C, and in less than 
twienty-four hours a loopful of the liquid was taken from near the surface and microscopic stained 
cover-glass preparations were made. A number of such preparations were made, and these were 
examined microscopically for the presence of Koch's vibrio. 

The results obtained are shown in the following Table — 



Date of inoculation of 
peptone solution. 


Date of examina- 
tion of peptone 
Culture. 


Descriptive 
number of 
cultures. 


Remarks. 

Results of the examination of the peptone 

cultures. 


1898. 


1898. 






October 24 


October 25 


(1) 


Cholera vibrios present in great abundance 


(Immediately after the 






and almost in pure culture. 


inoculation of the sewage 








with Koch's vibrio.) 








October 25 


26 


(2) 


Vibrios could only be found after prolonged 
searching. 


26 


27 


(3) 


No difficulty was experienced in finding 

vibrios. 
Vibrios present in abundance. 


27 


28 


(4) 


28 


29 


(5) 


A positive result was with difficulty obtained. 


31 


November 1 


(6) 


,, ,, 


November 1 


2 


(7) 


,, ,, 


2 


3 


(8) 


IT 7} 


3 


4 


(9) 


" »» 


4 


5 


(10) 


A doubtfully positive result. * 


9 


10 


(11) 


Only a few vibrios, but these were typical. 


18 


19 


(12) 


Many vibrios, but most of them larger 
(longer and thicker) than normal. 


24 


25 


a3) 


? Positive. 


December 6 


December 6 


(14) 


Quite negative. 



It is to be noted that in culture (1) Koch's vibrio was present almost in pure culture, but in 
(2) it was demonstrated only with great difficulty. In (3) and (4), however, vibrios were present 
in abundance. In (5), (6), (7), (8), (9) cultures a positive result was arrived at only with great 
difficulty, and in (10) the result was only doubtfully positive. In (11) and (12) cultures the 
diagnosis was more certain, but in the latter culture the microbe seemed to have become slightly 
altered, morphologically. In (13) there was a considerable element of doubt, and in (14) the result 
was quite negative. 

_ The apparent rise and fall in the vitality of the vibrio during the progress of the experiment 

.-.• ^^ 'Vli'^'"'* *^^* the cholera bacillus is able to exist in Crossness crude sewage in com- 
petition with the numerous other microbes also present and under laboratory conditions of experi- 
ment for a considerable time. " ^ 

Experiment 2, October 26th, 1898. 

The experiment was a repetition of experiment 1, except that a vastly greater number of 
cholera germs were added to the sewage viz., the whole of the surface growth from an oblique agar 
culture mcubated at 37« C. for three days. Indeed, the number of vibrios added was greatly in 
excess of the total number of micro-organisms in the sewage. 






Tlie results obtained were as follows 



Date of inoculation of 


Date of examina- 


Descriptive 


Remarks. 


peptone solution. 


tion of peptone 
culture. 


number of 
cultures. 


Results of the examination of the peptone 
cultures. 


1898. 


1898. 








October 26 

(Immediately after the 


October 


27 


(i) 


Cholera vibrios present in great abundance. 


inoculation of the sewage 










with Koch's vibrio.) 










October 27 


J3 


28 


(2) 


A positive result was obtained only with 


28 

31 








difficulty. 


November 


29 
1 


(3) 
(4) 


Vibrios found without difficulty. 


November 1 


)) 


2 


(5) 


Only a few vibrios could be found. 


2 


5) 


•6 


(6) 


A positive result was obtained without much 

difficulty. 
Vibrios found without any difficulty. 


3 


») 


4 


(7) 


4 


)5 


5 


(8) 


A positive result was obtained but only after 
prolonged searching. 


9 


55 


lU 


(9) 


The result was negative. 


18 


») 


19 


(10) 




24 


,, 


25 


(11) 


n )) 


December 6 


December 


6 


(12) 





In this experiment, as in experiment 1, there was a difficulty experienced in finding the 
cholera bacillus in the peptone culture number (2) made only the day after inoculation. Yet in 
both experiments no difficulty was experienced in arriving at a positive diagnosis as regards 
number (3) peptone culture. ISTotwithstanding the 'enormous number of vibrios added to the 
sewage, they appeared to die out much sooner than in the preceding experiment. 

Speaking in general terms, and dealing with both experiments, it may be said that under 
the above conditions of experiment the cholera bacillus may lose its vitality in less than a fort- 
night (experiment 2) or remain viable for nearly four weeks (experiment 1) when added tO' 
Crossness crude sewage. 

{b) Vitality of B. Prodigiosus in Crossness Crude Sewage. 

Experiment 3, October ^Uh, 1898. 

In this experiment 10 c.c. of Crossness crude sewage were inoculated with B. prodigiosus 
(platinum loopful from a young agar culture). Although this micro-organism is occasionally met 
with in sewage it is very rare in London raw sewage, and so is to be regarded as being in a sense' 
an intruder. The tube containing the raw sewage (+ B. prodigiosus) was kept in a dark cupboard 
at the room temperature. 

In seeking to determine the (viability of this microbe in the sewage the following plan was 
adopted — ^From time to time a loopful of the sewage [+ B. -prodigiosus) was taken and rubbed over 
the sloping surface of oblique agar tubes. These were kept at the room temperature, and the 
presence of B. prodigiosus was readily detected by the bright red colour produced by the growth 
of this microbe in agar cultivations. 

The results obtained are shown in the following Table — 



Date of inoculation of the 
oblique agar tubes. 



Descriptive 

number of 

cultures. 



Results. 

As regards red growth on oblique 

agar tubes. 



1898. 
October 24... 

(Immediately after the 
inoculation of the sewage 
with B. prodigiosus). 
October 25 
2f) 
27 
2S 
29 



31 
November 1 



December 




Positive. 



(only a few colonies). 



)I 


7» 


!) 


■1 

(only 3 colonies), 
(only 1 colony). 


" . " 

Negative, 


>) 




" 




)J 




It 





[10] 
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It is to be noted tliat B. prodigiosus retained its vitality in the crude sewage for sixteen 
Afterwards it could not be found in any of tlie cultures. During the sixteen days B. 
■prodigiosus remained alive it was noted that whereas at the start an abundant red growth showed 
itself in the agar cultures towards the end of this period the number of red colonies developing was 
very small, and in cultures (12), (13), and (14) the number of red growths was only three, one, and 
one respectively. Speaking in general terms it may be said that the number of B. p-odigiosns 
decreased rather rapidly, and usually each successive culture showed less red growth than the one 
immediately preceding it. 

Experiment 4, November 2nd, 1898. 

This experiment was a repetition of experiment 3, 10 c c. of Crossness crude sewage being 
inoculated with a platinum loopful of a recent growth of B. prodigiosus on agar. 
The results obtained are shown in the following table — 



Date of inoculation of the 
oblique agar tubes. 


Descriptive 

number of 

cultures. 


Results. 

As regards red growth on oblique 

agar tubes. 


1898. 






Kovember 2 


(1) 


Positive. 


(Immediately after the 






inoculation of the sewage 






with B. prodigiosus.) 






I^OT ember 3 


(2) 


i» 


7 


(3) 


') 


9 


(4) 


„ (only one colony). 


12 


(5) 


>T )J 


14 


(6) 


Negative. 


16 


(7) 


»j 


18 


(8) 


5» 


24 


(9) 


)J 


December 3 


(10) 


,, 



In this experiment the B. prodigiosus remained alive for 10 days, but was not discoverable 
on the 12th, 14th, 16th, 22nd, or 31st day after inoculation. 

Speaking of both the experiments it may be said that B. prodigiosus either dies or becomes 
so reduced in numbers as to be no longer capable of being isolated in from about 10 to 16 days in 
Crossness crude sewage under the above laboratory conditions of experiment. 

It would seem from these experiments as if the cholera bacillus was capable of existing in 
sewage for a longer time than the B. prodigiosus. Assuming, of course, that the two different 
methods u^ed for detecting these microbes were of equal delicacy, which is probably not quite the 
case. 

(c) Vitality of Staphylococcus Pyogenes Aureus in Crossness Crude Sewage. 

Experiment 5, November 9th, 1898. 

In this experiment 10 c.c. of Crossness crude sewage were inoculated with a platinum 
loopful of a young agar culture of staphylococcus pyogenes aureus. This pathogenic microbe has 
"been described as being occasionally present in raw sewage. My own experience leads me to 
believe that it is only very rarely present in sewage. Certainly it is to be regarded as a microbe 
ioreign to the bacterial flora of ordinary sewage. 

The tube containing the raw sewage ( + St. pyogenes aureus) was kept in a dark cupboard 
at the room temperature. 

In seeking to determine the viability of this micro-organism in the sewage the foUowinff 
plan was adopted From time to time a loopful of the sewage ( + St. pyogenes alreus) was taken 
and rubbed over the sloping surface of oblique agar tubes. These were incubated at 37" C , and 
the presence of St. pyogene, aureus was readily ascertained by the golden orange-yellow colour 
produced by the growth of this germ m agar cultures. 

The results obtained are shown in the following Table — 



Date of inoculation of the 
oblique agar tubes. 



1898. 
November 9 

(Immediately after the 
inoculation of the sewage 
with Sf. pyogenes aureus.) 
November 10 
11 
12 
14 
17 
24 
December 3 
14 
17 



Descriptive 

number of 

cultures. 



Results. 

As regards presence or absence of 

characteristic coloured growth 

of St. pyogenes aureus. 




Positive (decided growth) 



;ive. 



Positive (one colony'). 



In cultures made subsequent to December I7th, no colonies of St. pyogenes aureus could be found. 
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It is to be noted that up to tlie twenty-fourth day after the original inoculation the presence 
ot St. pyogenes aureus was easily demonstrated. But a negative resist was obtained in the case of 
culture (J)— thirty-fifth day. Nevertheless, in culture (10) a single colony was discovered, i.e., on the 
thirty-eighth day subsequent to inoculation. Later, the microbe was no longer discoverable in 
cultures made from the sewage. 

•X 1-3^°^ *^^^ experiment it would seem that St. pyogenes aureus is capable of retaining its 
vitality m Crossness crude sewage for a considerable time. 

t}^ conclusion, and speaking in general terms of all the experiments, it may be stated that 
the cholera bacillus (pathogenic), B. prodigio.ms (non-pathogenic), and St. Fyogenes aureus 
(pathogenic) are capable of retaining their vitality in Crossness crude sewage in competition with 
the very numerous bacteria normally present in the liquid for a considerable time. But it must 
be insisted upon that the conditions prevailing in laboratory test-tube experiments are widely 
different from those_ in operation in biological coke-beds. Nevertheless, and looking at the 
subject from the point of the epidemiologist, these experiments are far from reassuring, and, 
indeed, would seem to indicate that the antagonism of the saprophytic bacteria normally present 
in sewage would not suffice for the destruction of pathogenic species either in the sewers or, later, 
in the bacterial beds. Since the bacterial beds are purposely constructed so as not to mechanically 
hold back the suspended matters, and as it is to be feared from these experiments that the biological 
processes at work in the coke-beds would not rapidly destroy the life, although they might inhibit 
the multiplication of pathogenic germs accidentally introduced into the crude sewage, the effluents 
from the beds ought to be regarded as no more safe in their possible relationship to disease than 
the raw sewage itself. It must be remembered, however, that the number of the pathogenic 
germs added to the sewage in these experiments was vastly greater than could conceivably take 
place under natural^ conditions, and that, notwithstanding the enormous number introduced, there 
was definite indication of a somewhat rapid decrease in their numbers. 

For records relating to the passage through the bacterial beds of pathogenic germs 
habitually or occasionally present in crude sewage reference must be made to other sections of this 
Eeport and also to previous Eeports. 

2.— THE INOCULATION OF THE 13-FOOT COKE-BED AT CROSSNESS "WITH A 

SPECIAL SEWAGE MICEOBE. 

Most observers who have had any practical experience of the so-called biological treatment 
of sewage are agreed as to the necessity of treating neio bacterial beds with small but gradually 
increasing doses of raw sewage until they have become thoroughly matured. Further, it is 
generally believed that a mature bed is one which has become by a natural process of selection 
charged with the special bacteria concerned in the work of purification. By varying the conditions 
in a number of ways changes, favourable or the reverse, may readily be induced. For example, 
by overtaxing the coke-beds a change commonly spoken of as " sickening " may set in when the 
chemical results will no longer be satisfactory. In such a case it may be conjectured that the wrong 
kind of bacteria have gained the ascendancy. Conversely, by greatly diminishing the amount of 
sewage to be " treated," a particularly good effluent may often be obtained. Here presumably the 
special bacteria are able to multiply abundantly and to exercise their specific qualities to the best 
adivantage. Exactly which kind of bacteria are directly beneficial and which act as intruders is 
not yet clearly known, although the broad fact that putrefactive and nitrifying germs are necessary 
has long been established. Nor is it properly understood under what conditions the special 
bacteria should be placed in order to allow them to exercise their beneficial qualities to the best 
advantage. Bacterial processes so widely different as those which aim at encouraging the growth 
of aerobic micro-organisms and those which are essentially or largely anaerobic in character, have 
been put in operation by different workers. And each obserlver claims for his own process 
peculiar advantages. But it will be gathered from what has been said that probably 
all the bacterial processes in practical operation at the present time aim at allowing 
certain bacteria or groups of bacteria to gain the ascendancy by a natural process of selection. 

Although this is certainly a rational method of " treating " sewage it is to be thought of that 
the future of the biological treatment of sewage may possibly lie in the direction of a real or 
apparent interference with nature's methods. In the absence of absolute knowledge as to the 
exact conditions under which sewage should be placed so as either in one or a succession of stages. 
to foster the growth of the bacteria directly concerned in the work of purification and to inhibit the 
growth of unnecessary or harmful germs it is conceivable that the addition (continuously or inter- 
mittently) of pure cultures in large amount of selected microbes might exercise a beneficial effect. 
Which kinds of bacteria should be added, and under what conditions, cannot safely be affirmed in 
the present state of our knowledge. The experiments might be conducted so as to aid or abet 
nature rather than with the object of interfering with or upsetting the natural order of things, and 
they might occupy several stages. Further, they might be carried out in connection with bacterial 
beds already for some time in operation or new beds might be sown with special bacteria previous 
and preparatory to the application of sewage. It is conceivable that they might be divided into 
two stages— the first aerobic or semi-anaerobic, the bacteria used belonging to the class of putrefac- 
tive aerobes and facultative anaerobes, and the second stage purely aerobic, the micro-organisms 
involved in the process being those of nitrification, or, preliminary to the above, and as an initial 
stage anaerobic bacteria might be employed. Lastly, the experiments might be conducted from the 
epidemiological point of view rather than with the sole idea of obtaining an effluent chemically 
sound Po? as it is known that certain micro-organisms are antagonistic to others, the special 
bacteria selected might be saprophytes, the products of whose growth act as bactericidal agents to 

pa °S™i°^^g^^^^^ ;^ ^.^j ^g argued that nature's own methods are the best, and that any interfer- 
ance with the natural course of events is not to be recommended, and that it would be wise to first 
determine more accurately the precise functions of the different bacteria concerned m the work of 
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the purification of sewage before proceeding, to a/d special bacteria^toa^^^^^^^ or to a bacterial bed 

alreaV harbouring all the known microbes ot V-^f^'^XCt^ou^^^^^ tbat tbe patb to know- 
Such contentions are certainly psjifiable but it ^^ *« ^^^^^^^^^^ ^3^,, now^evealed the 
ledge does not always lie along the most direct ^^^f'/^f^^^^''^.'^^ entirely failed, 
truth where experiments conducted °^ apparently soTmdlmesbavee^^^^^^^^^ ^^ 

Although, as regards the so-called ^]fS^';}Xf^'^^ chemical point of view, it is now 
the past have been most encouraging, at aU events, from t^e c^^^ c p Hniitations 

clearly established that all the difierent processes which have been Driea, buue 
which at the present time seem almost insuperable m character. . » • golrition 

It is c'onceivable that both from the practical and epjde W^J -1 point of view a^sdu^ion 

'' ^^^ ?hf rei^rwStSl -J^irdiri ™n^^^^ the -J -a^e a^^^^^^^^^^ 

'- ^tsn^ r^ss^^.^ 1-^tTx!^^^:^ ^^;p:s;ts:tive 

--"'-^iSt^:^^'^^ ;S- Eeports it was sho^ thata ^apid^jcpefy.^ ga^ 



formin.. proteus-like germ was present in London crude sewage in numbers usually exceeding 
100 000 per cc. This microbe was also found to be present in the effluents m very large numbers 
Its Sify to form gas, its rapid peptonising action and its abundance seemed to indicate that it 
was possfbly a microbe specially concerned in the work of pimfication. Accordingly it was 
-determined to isolate a strain of this micro-organism from an effluent, to cultiyate it on a large 
scale, and to add it in great amount to the crude sewage during the ordinary process of filling a 

matured coke-bed. , „ , r -d t ■ • -d 

Three strains of " sewage proteus "* were isolated from lo J^ c.c. of Barking primary B 
effluent, (December 6th, 1899). They all grew luxuriantly at blood-heat formed gas in twenty- 
four hours in gelatine shake cultures, liquefied gelatine very rapidly, and were very motile. One 
proved virulent when injected into a guinea-pig; another produced a strong local reaction, but 
the animal recovered, while the third was apparently non-pathogenic. The latter microbe was 

used in the experiment. .,. , mi n j ^ 

700 c.c. of agar were added to about 70 tubes and sterilised. Ihe agar was allowed to 
■solidify obliquely in the test tubes. The tubes were next inoculated with the " sewage proteus " 
and incubated at 20° C. 

The growth from each of the tubes was transferred to sterile bouillon (1,500 c.c), and the 
mixture of bacteria and broth used to inoculate the crude sewage as it flowed on to the 13-foot coke- 
bed at Crossness. This meant the addition of billions of B. proteus to the sewage. 

The experiment was caiTied out in the following way — 

On December 19th, 1899, the bacterial mixture (1,500 c.c.) was added to the crude sewage 
(about 6,000 gallons) as it flowed on to the coke-beds, the addition being made in small quantities 
at a time, so as to cover the whole of the period occupied in filling the bed, namely, about twenty 
minutes. 

The bed was allowed to remain full for the usual period, namely, three hours, and it was 
emptied in the usual manner. 

During the process of emptying, and especially during the first flow of the effluent, a 
number of vessels in bulk rejDresenting approximately thirty gallons — ^were filled with the effluent 
and kept in a warm place. 

When the time arrived for filling the coke-bed again the contents of the vessels were added 
to the sewage flowing on to the bed. 

Further, when, after the usual period, the bed was again emptied, the vessels were again 
filled with the first flow of the effluent. 

The above series of operations was carried out until December 22nd, i.e., the crude sewage 
(about 6,'000 gallons) as it flowed on to the coke-bed was first charged on December 19th with a 
mixture of B. proteus and broth (1,500 c.c.) (the microbes being present in number inconceivably 
great), and subsequently on six other consecutive occasions with the first flow of the effluent from 
the previous emptying of the coke-bed. 

Most unfortunately at this period circumstances arose which made it impossible to test the 
value of the experiment from the biological point of view. This is greatly to be regretted, as it 
would have been of interest to have known if B. p)-oteus was more numerous in the effluent than 
normally, and, if so, how long such numerical superiority was maintained. Further, whether its 
presence exercised any inhibiting influence on any of the other bacteria usually found in the crude 
sewage and effluents. 

Mr. Biggs, the chemist in charge at the Southern Outfall Works, kept careful notes during 
the above period. He was unable either from the chemical or practical point of view to arrive 
at any other conclusion than that the experiment yielded quite negative results. That is to say 
the inoculation of the coke-bed with B. proteus did not produce any appreciable alteration in the 
effluent either as regards its chemical composition or physical appearance. Nor was the capacity of 
the coke-bed increased. The negative results may have been more apparent than real. Possibly 
if the effluents had been tested bacteriologically well defined changes might have been observed in 
the bacterial composition of the liquid extending over a longer or shorter period. It is conceivabb 
also that if B proteus had been added in still greater amount and for a longer period totallv 
different results might have been obtained. To overcome the biological equilibrium of a mature 
coke-bed of the large capacity of the 13-foot bed at Crossness would naturally call for the addition of 
an enormous number of micro-organisms. 
_ In conclusion, it must bo insisted upon that the apparently negative character of this 

~Beoonll':;o7ttSit "^'^'^^-'^^^^^^^^^^^^^^ " se.aje proteus '• have baen already described. ^ 



77 



3.-THE EFFECT, AS REGARDS THE RESULTANT QUALITY OF THE EFFLUENTS 
FROM THE BACTERIAL BEDS, OF THE ADDITION OF CERTAIN CHEMICAL 
SUBSTANCES TO THE BARKING CRUDE SEWAGE. 
It is known tliat some species of micro-organisms act with great vigour in the presence of a 
large excess o± certain basic substances. For example, the nitrifying germs show increased 
bacterial activity when grown m liquid media containing an excess of magnesium or calcium 
carbonate. It is supposed that the solid grains besides neutralising the products of bacterial 
actilvity, act as what may be termed " contact points," enabling the bacteria to localise and con- 
centrate themselves at a multitude of different spots. Further, if the liquid is in motion the 
grains may act as " carriers " of the microbes and their products from one place to another. 

It is a matter of controversy among those who have practical concern with bacterial beds 
which is the best material to use. Some assert that the actual chemical composition of the 
substance is of no importance, that it is the physical qualities (e.g., whether smooth or jagged, 
pervious or impervious) of the material which is all essential. Others believe that certain 
substances are preferable to all others in virtue of their ability of exerting a basic action on the 
products of bacterial growth and of encouraging the active growth of special micro-organisms. 
However this may be, it is of interest to note that Mr. E. Brooke Pike, the chemist in charge at 
Barking, suggested the trial of ragstone as a better material in respect of its chemical composition 
than coke. This was agreed to by Dr. Clowes, and accordingly a trial was made of the comparative 
•values of ragstone and coke bacterial beds. The outcome of these experiments seemed to be that 
the ragstone coke-beds did encourage the growth of the nitrifying germs (as evidenced by an increased 
production of oxidised nitrogen), but that the effluents, as regards the removal of dissolved oxidis- 
able and putrescible matter, were not so satisfactory from the ragstone as from the coke-beds. 

Although it is quite conceivable that the actual chemical composition of the material in a 
bacterial bed, quite apart from its physical characters, may play a definite part in influencing the 
biological processes at work in the bed, it is evident that the action, whatever it may be, cannot be 
expected to persist for an indefinite period. 

With this idea in view, I suggested the trial of the artificial addition, in small amounts, of 
some such substance as magnesium carbonate or calcium carbonate to the sewage as it flowed on 
to the beds, as likely to produce a beneficial effect by its diffusion throughout the liquid in the 
beds and also by its settling on the surface of the fragments of coke and effecting a lodgement 
there. It was hoped that not only would the residt be immediately beneficial, but that the good 
effect would be maintained for a considerable period after the addition of the substance had been 
abandoned. In short, that it would only be necessary to occasionally and very rarely resort to 
such an artificial measure in order to obtain uniformly good results. With Dr. Clowes' permission 
Mr. B. Brooke Pike was good enough to carry out some very careful experiments in this direction. 

In the first series of experiments he added magnesium carbonate emulsion to the crude 
sewage as it flowed on to the beds in such strength as to correspond to 0"001 part of magnesium 
carbonate to every 100 parts of raw sewage.* This was done each time the beds were filled, viz., 
twice a day between Wednesday, 21st March, and Wednesday, March 28th, 1900, both days 
inclusive. 

The results as regards oxidised nitrogen and oxygen absorbed from permanganate were as 

follows — 

Oxygen absoebed feom Permanganate in Pour Hours at 80° F. 

Parts per 100,000. 



Crude 
sewage. 



Effluent from 

primary 

coarse bed ; 

series A. 



Effluent from 

secondary 

coarse bed ; 

series A. 



Effluent from 
primary 

coarse bed ; 
series B. 



Effluent from 
secondary 
fine bed ; 
series B. 



Average of determinations made on March 7, 8, 9, 10, 12, 13, 14, 16, 19, 20, 1900 



Before the addition of magnesium 

carbonate 
Purification . . . 



6740 



3-410 
49"4 per cent. 



2-280 
66-2 per cent. 



3-420 
49-3 per cent. 



Average of determinations made on March 21, 22, 23, 24, 26, 27, 28, 1900 



During the addition of magnesinm 

ca/rhonate 
Purification... 
Increase in purification 



7-343 



3-460 

52-9 per cent, 
3-5 per cent. 



■2-429 

66-9 per cent. 
0-7 per cent. 



3-343 

54-5 per cent. 
5-2 per cent. 



1-780 
73-6 per cent. 

1-886 

743 percent. 
07 percent. 



Nitrogen as Nitrates. 
Average of determinations made on March 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 19, 20, 1900. 



•3726 



1-2113 



•3334 



Before the addition of magnesium 
carbonate 

Average of determinations made on March 21, 22, 23, 24, 26, 27, 28, WTO. 

During the addition of magnesium 
carbonate 



Increase in amount of oxidised 
nitrogen 



4469 
+ 19 per cent, 



1-1854 
— 2 per cent. 



■4439 
4- 33 per cent. 



2-0238 

2-3935 
-t-18 percent. 



* Tiji3 ^ininjai quantity COOl per cent.) was used as a preliminary, as it did not seem desirable to 

materially increase the suspended matters m the sewage. 
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It will be noted that all the beds showed a very slight but still an appreciable improvemeat 
as regards removal of dissolved osidisable matter, presumably as the result o± the magnesium 
carbonate treatment. Thus the increase in purification in the different effluents was &b per cent. ; 
07 per cent. ; 5'2 per cent. ; 07 per cent. . . 

The figures as regards oxidised nitrogen were more encouraging, ihus, with the exception 
of the secondary coarse bed (series A),, where there was a decrease equal to 2 per cent., all the other 
effluents showed a definite increase of nitrates amounting to 19, 33, and 18 per cent, respectively 
as regards the effluents from the primary coarse bed (series A), the primary coarse bed (series B), 
and the secondary fine bed (series B). 

In a sense there was a double gain as a result of the treatment, because the effluents 
contained a slightly smaller amount of putrescible matter and also carried with them into the 
river a greater amuant of an oxidising substance. 

But while the results are of considerable interest from the scientific point of view as 
affording some confirmation of theoretical considerations, it can hardly be said that they are of 
equal importance from the practical point of view. They do not, in short, indicate the advisability 
of continuing the addition of magnesium carbonate as a measure of practical utility. 

In the second series of experiments Mr. E. Brooke Pike added, as well as magnesium carbonate, 
a like quantity (viz., "001 per cent.) of sodium carbonate. 

Without entering into detail, it may be said that the results were no longer satisfactory, and 
indeed showed a general decrease in respect of nitrate production and of removal of dissolved 
oxidisable matter. The amount of sodium carbonate added was presumably too small to inhibit 
bacterial growth, and it is difficult to explain the falling ofE in the results, unless it be assumed that 
the sodium carbonate actually increased the vital activity of the micro-organisms in general, but 
in particular of the de-nitrifying germs and those specially concerned in producing putrefactive 
changes. 

In conclusion, it may be said that further and more prolonged experiments seem desirable 
with magnesium carbonate and calcium carbonate, as well as with other substances. These might 
be tried in varying amounts and added continuously or intermittently. The experiments, of 
course, which have been described were merely of a tentative character. They may serve, however, 
to indicate a line of inquiry, not devoid of scientific interest and possibly of practical importance, 
which has hitherto been neglected. 



PLATE I. 
Fig. 1. Streptococcus X. — MiCROSConc pkepaeatiojj from a broth culture. 24 hours' 

GROWTH AT 38° 0. StAINED BY GrAM'S METHOD. ISOLATED FROM t-o^o"o C.C. OF EFFLUENT FROM 
THE 6-FOOT SECONDARY COKE-BED AT CROSSNESS. X 1,000. 

Pig. 2. Streptococcus XIX. — Microscopic preparation from a broth culture. 48 hours' 
GROWTH at 38° C. Stained by Gram's method. Isolated from jo^o^ c.c. of effluent from 

THE primary coarse BED (SeRIES A) AT BaRKING. X 1,000. 

Fig. 3. Streptococcus XX. — Microscopic preparation from a broth culture. 48 hours' 

GROWTH AT 38° C. StAINED BY GrAM's METHOD. ISOLATED FROM ^"0^0"^ C.C OF EFFLUENT FROM 
THE SECONDARY COARSE BED (SeRIES A) AT BaRKING. X 1,000. 

Fig. 4. Streptococcus XXI. — Microscopic preparation from a broth culture. 48 hours' 

GROWTH AT 38° 0. StAINED BY GrAM'S METHOD. ISOLATED FROM rbVo C.C OF BAEKING CRUDE 
SEWAGE. X 1,000. 
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PLATE II. 

Fig. 5. B. Pyocaneus. — Microscopic preparation from an agar culture. 24 hours' 

GROWTH AT 38° 0. ISOLATED FROM — oV^ C.C. OF THE EFFLUENT FROM THE SECONDARY COARSE BED 

(Series A) at Barking. X 1,000. 

Figs. 6, 7 and 8. Deposit Orossness crude sewage. — 50 c.c. of the raw sewage were 
centrifugalised and a microscopic preparation made of the deposit. This was washed in acid, 
then in water, and finally stained with methylene blue. It shows zooglcea-like masses of 
cocci and chains of cocci (streptococci). [In the Supplement to the Second Report it was 
stated (page 5) that — " Numerous preparations subsequently made show that either 
cocci, or rods so short and rounded at their ends as to simulate cocci, predominate in 
microscopic stained specimens made from sewage and effluents, and not, as might have been 
imagined, distinct ba(;illary or rod-shaped forms."] X 1,000. 



PLATE III. 

Fig. 9. B. Thsrmophilus (oR allied form). — Microscopic preparation from a broth 
CULTURE. Isolated from Barkii^g crude sewage. In illustration of one of the thermophilic 

BACTERIA — THESE MICROBES ARE ABUNDANT IN THE RAW SEWAGE AND IN THE EFFLUENTS FROM THE 
COKE-BEDS, AND GROW LUXURIANTLY AT A TEMPERATURE OF 60-70° C. X 1,000. 

Fig. 10. Same as fig. 9. X 600. 
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PLATE IV. 



Fig. a. 

GolonieB of Streptococci in ,/elatine and acjwr plate cultures. ~\]^i>m a low power of the 

MICROSCOPE (TjEITZ, 3 OBJECTIVE, 1 OCULAR.) 



(a) Strep 

(c) 
id) 
(e) 
(/) 
to) 
(h) 

(i) 
gc) 



(Diagrammatic) 

Tococcrs I. Colony ix agar plate. 

IT. CoLoxY IN agar plate. 

II. Colonies in old gelatine culture. 

III. Colony in agar plate. 

X. Colonies in agar plate. 

XI. Colonies in gelatine plate. 

XII. Colony in gelatine plate. 

XIII. Colony in agar plate. 

XIII. Colonies in gelatine plate. 

XIV. Colony in gelatine plate. 
XVIII. Colony in gelatine plate. 



Fig. B. 
Broth and gelatine (incubated at blood heat) cultures of streptococci. 

(Diagrammatic.) 

(a) Streptococcus I. Gelatinio culture incubated at 37° C. for 2 days. 

(b) „ I. Old broth culture (shaken up). 

(c) ,, II. Gelatine culture incubated at 37° C. for 2 day.s. 

(d) „ II. Broth culture (shaken). 

(e) „ IV. Gelatine culture, 24 hours at 37° 0. 
{f) ,, XVII. Broth culture, 2nd day at 37° C. 



PLATE V. 

Fig. 0. 

(Diagrammatic.) 

Colonies (superficial and deep) of spore-forming anaerobes in agar plate cultures 
(previously inoculated with Jq c.c. of crude sewage or of effluent and then heated to 80° 
0. FOR 10 minutes : Cultivated under anaerobic conditions at 37° C). Under a low power 
of the microscope (Leitz, 3 OB.IECTIVE, 1 ocular). 
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DIAGRAM I. 

Showing the number of spores of Bacillus Enterltldls Sporogenes in Barking crude 

sewage and in the eflluents ft*om the coarse and fine col<e-beds, and also in the 

effluents ficom the coarse and fine ragstone-beds. 




Effluent from 

COARSE 

COKE-BED 



Eflluant tram 

FINE COKE 

-BED 



Effluant from 
COARSE RAG- 
STONE -BED 



Effluent irom 
FINE RAQ- 
STONE-BED 



The "upward" column. «.fer to the SMALLEST amount of the "«!«"->";'-'"« ' -^^'^'^^ 
reeuTt a. «7.r-. Bacillus Enter.tidl. Sporogene. when Inoculate- Into m.lK tube.. 

..tar to the LARGEST amount of the liquid yielding a NEGATIVE 
JT>:::ZrLjZ7:.r,... Sporogen,. When Inoculate. Into ml. tuh... 



DIAGRAM 2. 

Showing the total number of Bacteria in I cc of Barking crude sewage and in 1 cc 

of the effluents from ttie primary & secondary coarse beds (Series A) ; and the 

primary coarse bed and secondary fine bed (Series B). 
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DIAGRAM 3. 
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Barlcing crude sewage. H Effluent from primary coarse bed (Series A) 
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DIAGRAM 4-. 
Showing the number of spores of Bacillus Enterltidls Sporogene. It, Barking crude 
sewage and In the effluents fhom the primary and secondary coarse beds 
(Series A); and the primary coarse bed and secondary fine bed (Series B) 




m Barking crude sewage. Up Effluent from primary coarse bed (Series A) 

I Effluent from secondary coarse bed (Series A), FJJ Effluent from primary coarse bed (Series B) 

fgl Effluent tpom secondary fine bed (Series 8) 

The "upward" columns refer to the SMALLEST amount of the liquid yielding a POSITIVE 
result as regards Bacillus Enterltidls Sporogenes when inoculated into milk tubes. 

The "downward" columns refer to the LARGEST amount of the liquid yielding a NEGATIVE 
result when inoculated Into milk tubes. 



DIAGRAM 5. 

Showing the number of spores of Anaerobic Bacteria In 1 cc. of Crossness crude sewage 
and in 1 cc. of the e*fluent from the 4 ft., 6 ft. (primary), and 6 ft. (secondary) 

col<e-beds. [Agar at 37° C]. 




Effluent trom 

6 ft. (pplmapy) 

coke-bed 



Effluent from 

6 ft. (seeondapy) 

coke-bed 



. The growth, spread over the .urfooe of the medium preventing accurate counting. 



DIAGRAM 6. 
Showing the total number of Bacteria in 1 cc.of Crossness crude sewage, and in 
1 cc. of the effluent from the 13 ft. col<e-bed. 





Cpossnet* opude sewage.. 



.Effluent from 13 ft. coke-bed. 



DIAGRAM 7. 

Showing the number of Bacillus Coll (op closely allied forms) in 1 cc.of Croceness 
crude sewage, and In 1 cc.of the effluent fV*om the 13 ft. coke-bed. 
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DIAGRAM 8. 
Showing the number of spores of Bacillus Enteritldls Sporogenes in Crossness 
crude sewage, and in the effluent from the 13 ft. colce-bed. 
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.^-^Crossness crude sewage. 



__ =■ Effluent ftvm 13 ft. coke-bed. 



DIAGRAM 9 

Showing the total number of Bacteria (Geiatine at 20° O., Agar at 37° C) in Crossness 
crude sewage, and In the effluent from the 13 ft. col<e-bed. 
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